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Move 1 c -MPT, Ligandfl 

This is a continuation -in -part of United States Applica- 
tion Serial Nov08/3 83 , 03 5 f iled February 04 , 1995 which 
is incorporated herein by reference. 

Field of ^Invention 

"■ ligands ' 'jfchrc^ 
di f f e r eh t i a t i on and . expans i oh . 

Background of the Invention 

Megakaryocyte (MK) maturation and platelet 
production has. been long thought to be .regulated by 
lineage specific humoral growth factors in a manner 
similar to cytokines that induce erythrocyte (erythropoi- 
etin) and granulocyte (G-CSF) expansion and maturation . 
Platelets, are responsible for the prevention of bleeding 
in response to vascular in jury ; Therefore ; platelet 
prbduct ibh ;i s a vital dpm^qnen t p f heima t-oppi e tic r egii la - 
tion. Patients under g or bone marrow 

traris]Sl^ depressed 
platelet levels ;(thr;pm]^ result in 

life threatening bleeding episodes . Several known growth 
factors and cytokines have been found to stimulate 
megakaryocytes and platelet production but most are 
pleiotropic both in vitro and in vivo (IL-3, IL-6, IL-11, 
SCF) . Plasma; serum and urine from thrombocytopenic dogs 
and humans have been found to contain growth factors that 
have specific megakaryopoietic and thrombopoietic activi- 
ties distinct from all known cytokines. These factors 
have been termed Meg-CSF, MK-CSF, megakaryocyte growth 
and development factor (MGDF) , megakaryopoietin, and 
thrombopoietin but the molecular structure has not been 
i^eiitxfi^ 
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The identification of the thrbmbopoietic 
cytokine, p-mpl ligarid, originate^ the identifica- 

tion of a niyeloprpiif erative leukemia virus CMPLV, Wend- 
ing et a;l . , Virology 149 : 242-246 [1986 ] ) . Mice ihf ected 
with this virus gave rise to raul t i - 1 ineage 
rayeloprolif eration. Subsequent studies ( Spuyri et al . , 
Cell 63 : 1137-1147 , [1990] ) demonstrated tha^ 
retrbvirasi^ 
with viral e^ 

protein that rese^les the cytoplasm of the v 

hema t opbi e t ic - growth f actor r ecept or f ami ly V V-nipl was 
used to probe both human arid murine ^ libraries for 
homologous genes. .Clones were identified in both species 
and termed c-mpl j[yig6?i et a^ [ 1992 ], 

Vigpn : et al . , Oncogene ^ : 2 6 07 -2 6 15 [19 93 ] ) > C-mpl is a 

"member of the cytokine irec^ptbr super - family With regions 
of hompiogy to mIL-5rc , IL3rc, IL4rc,\ mEPOrc and mGCSFrc. 
A chimera of the intracellular, domain of c-mpl and the 
extracellular domain of hIL-4rc was trans f ected into a 

!grbwt^ once 

^tran^f^cted; :;the cells ^proliferated ain response to hIL4 
indicating the c-mpl cytoplasmic domain was f ul ly 

vsuf iicient signal (Skoda et 

r al^ 

Message for c-mjbl was found ih a number of 
hematopoietic cell lines using reverse transcriptase 
polymerase chain reaction (RT-PCR) including the 
pluripbtential cell lines TF-1, Mo-7E, UT-7 and KU812; 
and erythro/megakaryocytic cell lines HEL, DAMI and K153 . 
Transcripts were also identified in bone marrow, fetal 
liver, megakaryocytes, platelets and CD34+ enriched cells 
(Methia .et al.. Blood 82 <5) :1395-l401 [1993] ) . 

* ■ 

The identification of a putativ receptor trig- 
gered several investigative teams to search for a natu- : 
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rally occurring ligand for c-mpl. - In June of 1994 sever- 
al simultaneous publications reported on a ligand that 
bound to c ^inpl and had megakary ic properties 

<de Sauyage et :: al . , Nature 3 69 : 53 3 - 539 [1994] ; L-pk et 
5 al. ; mtu^e ^e 9 : 565-568 [1994] ; Wendling et al . > Nature 

3 69 :51^574:: X 19 9 4 ] and Batrt ley et al . ^ Cell 77 :1117 -1124 
[1994 ] ) The ligrand referred to as c-mpl ligand, Mega - 
karyb^te Development FactSir :(M(3r)Fi or - : 

thr oral^poi e t in ; : ( TPO ) i s :: pep t ide ; ; wi th a pr edi c t ^d 1 e c - 
10 fuiar mas 

structure acids) 
^th^ 

rich in serine , threonine ^d prql which also 

contains several glYcosylation ^it^s. There are two 

15 potential argiiiin^ cUavage sites result in two short- 

er peptides of 25 kDa and 31 l^Jonis both of , which are 
biologically active . Thfere is high inter -species homolo- 
gy between ; jfoj^an # murine, porcine, canine rat and rabbit 
c-mpl ligand and most forms -are active ; pn all species 

20 tes 



• • ..... : q-mplv ligand ha^ shown to - ^ti the 

differentiation of CD34 + cells into cells with megakaryo- 
cyte charac t eris tics . 6t>3 4 + eel Is V in the presence of c- 

25 iripl ligM ehdbmitosis (Kaushansky et al , / 

Nature 369 : 568-571 [1994] ) , expressed the me gakary p cy t e 
lineage speci fie cell surface antigen CD41a and had 
morpho 1 ogy char a c t er i s t i c of megakarypcy t es • In vivo 
administration of c-mpl ligand gave rise to increased 

30 circulating platelets in normal mice (Lok et al . ., Nature 

369:565-568 [1994]). C-mpl deficient mice generated by 
gene targeting demonstrated a 85% decrease in circulating 
platelets and megakaryocytes but had normal amounts of 
other hematopoietic lineages (Gurney et al*. , Science 

35 265:1445-1447 [1994]). Absolute thrombocytopenia was 

hot observed in these animals indicating that other 
cytokine^ may have' some ^£ivi ty in I expansion of the MK 
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* * 

lineage* 

Studieis to date show that c-mpi ligand is a 
cytokine with specific activity on the maturation of 
megakai^oc^te^ in platelet production, other 
cytokines have been shown to have activity on megakaryo- 
cyte expansion and differentiation, including IIj-3 , H-*-6, 
IL-11 and c«kit ligand. Recent studies h^e demons tr a 
that these cytokine the exception - o£>- : ili*^-^et by - 

; s t imu la ting the ; produc t ion d f ' c -n^l ''li^i^ 
have megakaryocyte stimulate 

• (i^ushans)^ ; et a^v > P^S 92 : 3234-3236 [ - lk ' ' 

GB 2,285,446 relates to the c-mpl ligand 
( thrombopoiet in ) and various forms of thrombopoietin 
which are shown to inf luence the repl icat ion , differenti- 
ation and maturation of megakaryocytes and megakary o cy t e s 
jgr^ treatment of throm- 

i^cy tppenia . 

l V ? _ The ability of c-mpl ligand to stimulate the 

^prolif eration: and maturation b f megakaryocytes and pro- 
duction^o^ c-mpl ligand may have 

therapeutic use in res tpring circulating platelets to 
normal amounts in those cases nuitiber of 

jplatelets have been reduced due to diseases or therapeu- 
tic treatments such as radiation and/or chemotherapy . 

EP 675,201 Al relates to the c-mpl ligand (Mega- 
karyocyte growth and development factor [MGDF] ) , allelic 
variations of c-mpl ligand and c-mpl ligand attached to 
water soluble polymers such as polyethylene glycol. 

WO 95/21920 provides the murine and human c-mpl 
ligand and polypeptide fragments thereof. The proteins 
are useful for in vivo and ex vivo therapy for stimulat- 
ing platelet production V * -^^ 
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A previously published abstract (Eaton et al . , 
Blood 84 110 ) Suppl . abstract 948 , [1994] ) reported c-DNA 
for : an alternative splice form of c^mpl ligand identified 
in man, dog arid mouse.: The encoded protein has 4 amino 
deletion at position :aall2 -115 + Although this molecule 
showed no activity in their bioassays , mRNA for this 
variant was found to be abundant in all three species 
: ind i ca t ihg t ha t 1 1 may be a ha tur a 1 ly occurring ^al^^ha^ 
tiye ^prm ; pf Cbntrary to ; ;the: ^^^xiy^i^;: 

publ i shed r eppr t , we f ound that the 1 - 153 Al 12 ~1 15 c-mpl 
ligarid arid the 1-3^^ were biologi- 

cal active . 
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Summary of the Invention 



The. present invention relates to novel : c-rapl ligands o f 

formula: 



10 



20 



25 



10 



30 



15 



35 



40 



60 



45 



65 



50 



70 



55 



75 



20 



- 1- 



80 



85 



100 



er 



90 



105 



95 



110 



is 



115 



120 122 



125 



130 



30 



135 



140 



145 



150 



ArgArgAlaProProThxThrAlaValProSerArgThrSerLeuValLeuThrLeu 
155 160 165 170 



35 



175 



180 



185 



190 
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195 



200 



205 



GlyLeuLeuAsri^ 

210 215 220 225 



IleHi 
230 



235 



240 



245 



10 



250 



255 



260 



erProS 

270 . . 275 



280 



eu 
285 



15 



290 



295 



300 



20 



305 



325 



310 



315 



330 332 



320 



25 



30 



35 



wherein; 

3Caa ^^skion^^rSrr'Asp J br Glu; 

Xaa at position 46 is Phe, Ala, Val, Leu,/ lie. Pro, Trp, 
ot Met; 

Xaa at position 47 is Ser, Asp or Glu; 

Xaa at position 112 is deleted or Leu, Ala, Val, lie, 

Pro , Phe , Trp , or Met ; 

Xaa at position 113 is deleted or Pro, Phe, Ala, Val, 
Leu, lie, Trp, or Met; 

Xaa at position 114 is deleted or Pro, Phe, Ala, Val, 
Leu, lie, Trp, or Met; 

Xaa at position 115 is deleted or Gin, Gly, Ser, Thr, 
Tyr , or Asn; 

Xaa at: posit ion 122 is Lys , Arg, His, Glu , or Asp; 
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; Xaa a^ ipsition 200 is Trp, Ala, Val, Leu, lie. Pro, Phe, 
Me t ; Ar g arid Ly s , or His 

and wherein from 1 to 17? amino acids can be : deleted from 
the :C-teMinus :ahd with the proviso that at least one of 
the amino acids designated by Xaa are different from the 
corresponding amino acids of native c-mpl ligand (1-332 ) . 

The pr ei sent invention is also dii^ctM t^ 

-- ■* - ■ ■■ - ■ \$ ; . v " 

pf ;/;c ^ tr©l rwi th the; f pi 1 owing formula ;; ;: -:"v \ ™ 

:i.z .'. ■ "5.,. : . ': .;:;;io — .z:..;-~is. 

s ProLeuProXaaPro 

20 . . 25 - s , 30 • 35 



2Q 



40 



60 



45 



65 



.50 



:70 



55 



alMetXla 

: 75 



25 



80 



85 



90 



95 



100 



105 



30 



115 



120 122 



125 



130 



35 



LeuL. euAr gG ly Ly s va 1 Ar gPheDeuMe tLeuVa 1G lyG ly serThrLeuCy s Va 1 
135 140 145 150 
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wherein; 

Xaa at iposition 37 is Thr, Asp or Glu; 

Xaa at position 46 is Phe, Ala, Val, Leu, lie. Pro, Trp/ 

. . or Met ; .1 . 
Xaa at position 47 is Ser, Asp or Glu; 
Xaa at pos i t ion 112 is deleted or Leu, Ala, yal, lie. 
Pro, Phe, Trp, or Met; 

xaa at position 113 is deleted or Pro, Phe, Ala, Val, 

VLeu , lie > Trp, or Met ; • s-' ■:'^:;:/^:>y-^.:^^^:k^-:-, 

- - - - ... . . . , - 

Xaa at pos it ion 114 is d or Pro ; - Ph <e £ Al a : ,; ;;; • V al/ / •;; ; ; ; : 

Leu, lie, Trp, or Met; 

Xaa at ipo s i t i on 115 is deleted or Gin , Gly , Set t Thr , - 

"Tyr,,vO^ 

Xaa at position 122 is Lys, Arg, His, Glu, or Asp ; 

and with the proviso that at least one of the amino acids 
designated by Xaa are different: from the corresponding 
amino acids of native c-mpl ligand (1-332). These c-rnpl 
ligand variants may have an improved biological profile, 
such as-increased proliferative activity and /or decreased 
side-effects , and/or improved physical properties, such 
^ as improved half -life, stability, and/or re- fold effi- 
ciencies . 

; ^ ligahds of the 

present invention In vivo, it is envisioned that in vitro 
uses would include the ability to stimulate bone marrow 
and blood cell activation and growth before infusion into 
patients . 

The present invention also encompasses chimera 
proteins comprising recombinant human c-mpl ligand 
muteins joined to one or more colony stimulating factor 
(CSF) including, cytokines, lymphokines, interleukins , 
hematopoietic growth factors (herein collectively re- 
ferred to as "colony stimulating factors-) which include 
GM^GSF, CSF-1, G-GSF, M-CSF, erythropoietin (EPO) , IL-1, 
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IL-2, XL-3, IL-4, IL-5, XL-6, IL-7, 11,-8, IL-9, IL-10, 
Itrfll, IL-12, IL-13, IL-15, IL-16, LIF, flt3/flk2, human 
growth hormone , ; B-cell growth factor , B- eel i di f f ereht i£- 
t ion factor , eosinophil differentiation factor and stem 
cell factor (SCF) also known as steel factor or c-kit 
ligand or IL - 3 variant with or without a linker . These 
human c-mpl ligand muteins may contain amino acid substi- 
tutions, deletions and/or insertions and ';.:^B^^M%BOija^yB 
• : ;.vaminq ; ; ; ;a c id-^-de le t i on s ;; ;a t • --either /or ^ / 
' . 'ZZ termini... ::,:v ; : " /V:;\:':;.':^\;:;. J,V'" - ' •■■ -v:- ■ " ' ■ ^^S^ ■■ ; ■ v*" * 

^his indention encompasses mixed function colony 
stimulating factors (chimera proteins ) formed if rom cova- 
lently linked polypeptides, each of which may, act through 
a diff erent and specif ic ^ell receptor to initio 
plementary biological ^ptiyities. These chimeras may be 
characterized activity of both of the 

peptides forming the chimera molecule or it may be fur- 
ther characterized by having a biological or physiologi- 
cal activity greater than simply the additive function of 
-••>- ; -the presence of human c-mpl ligand or the second colony 
; stimulating f actor alone : ■= The chimera ^mo lecu le ^ may also 
. j unexpectedly provide an enhanced effect oh the activity 
or an activity d i f f erent from that expected by the pres- 
^; e^ second cq Ibny stimulat- 

ing factor . The chimera molecule may also have an im- 
proved activity profile which may include reduction of 
undesirable biological activities associated with native 
human c-mpl ligand or native cytokine. 

In addition to the use of the chimera molecules of 
the present invention in vivo, it is envisioned that in 
vitro uses would include the ability to stimulate bone 
marrow and blood cell activation and growth before infu- 
sion into patients. 

The present invention also encompasses recombinant 
vhuman c-mpl ligand variant or mutant pro t e iiis { mu tei iris) 
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co-administrated with one or more additional colony 
stimulating factors (CSF) ihcluding, cytokines, ; 
lymphdkines , i ri t er 1 euk iris hematopoietic growth factors* 
{ lie re % n ■ 1 1 ec t iyely ref erred to as • colony stimula t i ng 
■ factors-? ) include GM-GSF# CSF-1 # G-CSF, Mr-CSF, erythro- 
poietin (EPb) , IL-1, l£-2, IL-3, IL-4, IL-5, IL-6, lt^7 , 
IL-8> -1^-9 / IL-1Q , IL^illv ILi - 12 , IL-13 , :IL-15,,^^ 
LIF ,• f lt3 / f lk2 ,• human growth hormone, B - c e 11 grr owth^ i 
f act6r> fe-c eosiribpfti^^^ 
entxatibhV facto 

ste^l :yf actp . This invention ; encpmpa ss e s 

co-a^inistered colony ^stiimlating factors , eaqh _' ; pf ^i ; ch 
may act though a different arid spec i fie cell receptor to 
initiate ^ actiyi t ies . Co - a<Mini s - 

trat ion of c -mpl Tigarid arid other colony stimulating 
f act or s may be charac t er i 2 ed by having the usual activity 
of both of the peptides or it may be further character- 
ized by . having a biological 1 or physiological activity 
greater than simply the additive function of the presence 
of human c-mpl ligand or-the seqpnd colony stimulating 
factor alone. The co-administration may also unexpectedly 
provide an ^^ e the activity or an activity 

h- dif f erent: f rom that expected by the presence of human c- 
j^l ligand. or the ^econd cp 1 pny stimulating factor or 
human c-mpl 

also' have an improved activity profile which may ' include 
reduction of undesirable biological activities associated 
with native human c-mpl ligand or native cytokine . 

*T- 

In addition to the use of co-administration of the 
present invention in vivo, it is envisioned that in vitro 
uses would include the ability to stimulate bone marrow 
and blood cell activation and growth before infusion into 
patients. 

it is also envisioned that c-mpl ligands of the 
present invention alone , co-administered with other 
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colony stimulating factors, or as a component of a chime- 
ra molecule would be useful in blood banking. The c-mpl 
-ligarid would be given to a- blood donor prior to giying 

to elevate their platelet count , increasing the .. . : • 
5 number of platelets from each donor and thereby decreas- 

ing the cost of piatelet transfusions . 

Preferably the c-mpl ligand muteihs of the present 
invention are cd-admihiistered with or comprise 
10 • pro^ ;c-ki^ 

IL-3 variant. ■ 

. ligand muteins oif the 
present invention are cp-administered with or comprise a 
15 chimera protein withfG^ \rariant. 
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L 

■Detailed DescriDtiOn-of the Invention 

Variants of c-mpl ligand of the present invention 
may be useful in the treatment of diseases characterized 
by a decreased levels of megakaryocyte cells of the 
hematopoietic system. 

A variant or mute in of c-mpi ligand may be useful in 
the treatment or prevention of/ thrombocyte 4. 

... .... ... , - - ■ •• ^ -;».•' 

ly the only th^r 

transfusions which are costly and carry the ^igfnif icant. 
risks of infection (HIV/ HBV) and alio imuni za t i on ; A 
variant or mutein of c-mpl ligand may alleyiate ot dimin- 
ish the need for platelet transfusions. Severe .thrombocy- 
topenia may result from genetic defects such as Fanconi 1 s 
Anemia , Wiscott-Aldrich , or May-Heggl in syndromes . Ac - 
quired thrombocytopenia may result from auto- or alio- 
antibodies as -in immune Thrombocy topenida Purpura, Sys- 
temic Lupus Erythromatosis, hemolytic anemia, or fetal 
maternal incompatibility 7 In addition r splenomegaly, 
disseminated intravascular coagulation, thrombotic throm- 

H bocytopenic purpura, infection or prosthetic heart valves 
may result in thrombocytopenia . Severe thrombocy topenia 
may also result from chemotherapy and/or radiation thera- 
py or cancer . Thrombo^ also result from 

. marrow invasion , by carcinoma, lymphoma, leukemia or 
fibrosis, c-mpl ligand of the present invention may .be' 
useful in the mobilization of hematopoietic progenitors 
and stem cells into peripheral blood. Peripheral blood 
derived progenitors have been shown to be effective in 
reconstituting patients in the setting of autologous 
marrow transplantation. Hematopoietic growth factors 
including G-CSF and GM-CSF have been shown to enhance the 
number of circulating progenitors and stem cells in the 
peripheral blood. This has simplified the procedure for 
peripheral stem cell collection and dramatically de- 
creased the cost of the procedure by deer easing the 
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number of plasmaphereses required. The c-mpl ligand of 
the present invention may be useful in mobilization of 
stem cells ^nd^f enhance the efficacy of peripheral 

stem cell transplantat ion . The c-mpl ligand may also be . 
useful tio increase platelet counts in platelet donors"" 
prior to apheresis to increase the number of platelets 
recovered from each donor. 

•&-Hahy drug s may c aixs e bon e marrow suppre s s i<6i£ ; or ^ 
/ ;v:;hema^p^ ." ':^ainpl <ssv;:c^ 

AZT/ DDI f al^latiiig agents and ant i --me t a to 1 i t es used in 
chemother^ such as chlofampliehicbl , ; perii^ 

ci 11 in , .■ . gani^clovir , d^ sul fa drugs , 

phenothiazones , tranquilizers such as meprobamate, anal- 
g e si c s sue ha s ; am iiibpy r in and dipyroiie , ant i convulsants 
such as phenytoin or carbamazepine, antithyroids such as 
pr opy 1 thi oura c i 1 and me ttiima z ol e and diuretics . c-mpl 
1 igands nay be useful in preventing, or treating the bone 
marrow suppression or hematopoietic deficiencies which 
ojften occur in; patients fx with these drugs* 

Hematopoietic xiieficieneies may also occur as a 
/ •result of , viral , ; microbial or parasitic inf ections and: as 
a result of treatment for renal disease or renal failure, 
e.g. , dialysis ; c-mpl ligand may be useful in treating 
such hematd^oi^t^ \ v 

The pro 1 if e r a t i on and development of stem cells arid 
lineage-restricted progenitor cells is controlled by a 
large number hematopoietic growth factors or cytokines. 
The role of the growth factors in vivo is complex and 
incompletely understood. Some growth factors, such as 
Interleukin-3 (IL-3), are capable of stimulating both 
multipotent stem cells as well as committed progenitor 
cells of several lineages. Other factors, such as Eryth- 
ropoietin (EPO) and c-mpl ligand, are lineage restricted. 
Hematopoiesis requires a complex series of cellular 
events in which stem cel^s ^generate continuously intp^ 
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large populations of maturing cells in all major lineag- 
es. Most of these proliferative regulators can stimulate 
one or another type of cblony f oration in vitro, the 
precise/ pattern. of colony formation stimulated by each 
regulator is quite distinctive . No two regulators stimu- 
late exactly the/ same pattern of colony formation, as 
evaluated by colony numbers or, more importantly , by the 
lineage and maturation pattern of the cells making up the 

developing " colonies i' Prolif erative re spons e s can m<$s£ : 

• •. ..... . ^ 

readily be i n s imp 1 if i ed in vi 

* terns;. ^ parameters can be distin- 

gu i s lied : a It era ti on in col ony size, al t er a t ion in colony 
nuffiers and cell lineage. Two 6r more factors may; act on 
the progenitor cell, inducing the formation of larger 
nu^er of progeny thereby increasing the colony size. Two 
or more factors may allow increased number of progenitor 
cells to proliferate either because distinct subsets of 
progenitors cells exist that respond exclusively to one 
factor or because some progenitors require stimulation by 
two or more factors before being able to respond. Activa- 
tion of additional receptors on a cell by the use of two 
i or more factors is likely to enhance the mitotic signal 
because of coalescence of initially differing signal 
pathways into a common final pathway reaching the nucleus 
(Metdalf £>. , Na ture 33 9 : 2 7 , 1989 } . Other mechanisms could 
explain synergy. For example, if one signaling . pathway is 
limited by an intermediate activation of an additional 
signaling pathway by a second factor may result in a 
superadditive response. In some cases, activation of one 
receptor type can induce a enhanced expression of other 
receptors (Metcalf D. , Blood 82:3515-3523, 1993). Two or 
more factors may result in a different pattern of cell 
lineages then from a single factor. The use of chimera 
molecules comprising the c-mpl ligand of the present 
invention or the co-administration of the c-mpl ligands 
of the present invention may have the potential clinical 
advantage resulting from a prolijerative response that is 
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not possible by any single factor. 



Novel compounds of t^ invention are r by 
a formula selected from the group consisting of 



Rl-Ii-R2, R 2 -L-R lr R1-R2, Ri^-Ri and Ri^Ri 

where Rl is a c-mpl ligand variant and R2 Is a cd 
stimulating factor ; with a different but cpmpleroenta ; 
activity v " ' By cp^l eitie n t ary > /•activity:; 1^ 



. 1° .' . whi ch enhances o r changes the ir esporis e ^p^-^oji^er^ic^ 11 • 

modulator. The Rl polypeptide is joined either ^ 
A '" s ' ; Sr^Chr^ugh a linker s^gHnaeht to the R2 pSlypept i de . ;Th£ ' 
terro ^ defines chimeras in .which the 

polypeptides are joined without a peptide linkers Thus L 

15 represents a chemical bound or po lypep t ide segment to 

which both . Rl : and, R2 are joined in. f ramie;, roost; commonly L 
is a linear peptide to which Rl and R2 are bound by amide 
bonds linking the carboxy terminus of M to thie amino 

i 

terminus of L. and carboxy terminus of L to the amino 
20 , . terminus of R2 . By " joined in frame* is meant t ha t there 

A ; reading frames of genes ; encoding Rl aii<^^ 
. I,,,. ...livelist of other .grov^h factors , colony s t imula t ing ......... 

factors (CSFs) , cytokine, lymphokine ; int er l^ukih , " herna - 

25 : , J;: .. : ; topoiet ic growth f £ct or ; wi th in • : the J:de£^ ' 

which can be joined to a c-mpl ligand variant of the 
present invention include GM-CSF, CSF-1 , G-GSF, M-CSF, 
erythropoietin (EPO) , IL-1 , IL-2 , IL-3 , IL-4> XL- 5, IL-6, 
IL-7, IL-8 , IL-9, IL-10, IL-11, IL-12, IL-T3, IL-15, IL- 

30 16, LIF, f lt3/f lk2 , human growth hormone, B-cell growth 

factor, B-cell differentiation factor, eosinophil differ- 
entiation factor and stem cell factor (SCF) also known as 
steel factor or c-kit ligand. Additionally, this inven- 
tion encompasses the use of modified R2 molecules or 

35 mutated or modified DNA sequences encoding these R2 

molecules , The present invention also includes chimera 
^ molecules in which R2 is a hIL-3 y a;r iah t . " A " : : *hi li r 3 ' ;;;: i^ar ;i.r ; • v ; 
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ant* is de fined as a hIL-3 variant dis closed in WO 
94/12639/ WO 94/1263.8 and WO 95/00646 ^as/. well! as. other . 
variants known in the art. 

The linking group/ (L) is generally | pp of 
between 1 and 500 amino acids in length. The linkers 
joining the two molecules are preferably designed to (1) 
allow the two molecules to fold and act : independent ly of 
each other , ; (2 ) not have ^ pro^ 
ordered secondary jt^ctu 

the f iinc t ional : domains " • =;p t ^ the 1 wo * •' pr o telnsf • 
•' "". ' minimal" h^ characteristic 

interact with the functional protein domains and (4 ) 
provide steric s epara t ion of Rl and R2 such that Rl and 
R2 could interact siniuitanepu 
receptors on a \sin£lfe' ceTl"^ 
in f l^ibie ; protein regidri^V include jG^ 

Virtually any pe rmu t a t ion d f v amino acid sequences con- 
taining Gly, Asn and Ser '■ would ^ the 
above criteria for a linker sequence. Other neutral amino 
acids v such as Thr arid Ala > may" : also be u s e d . : i n t h e 
linker sequence . Additional - 
included in the linkers due to. the addition of unique 
^<]--^^esi^±ct±^ sites in the 1^ to facilitate - 

cons t^ of the chimeras . More details about met 

of making' s^ f ound in WO 

95/21254 which is herein incorporated by reference in 
it's entirety. 

A c-mpl ligand. that has reduced activity may be 
useful in a chimera molecule. For example it may be 
advantageous to have only a small amount of megakaryocyte 
maturation and platelet production activity relative to 
the activity of the other growth factor component of the 
chimera molecule, such as IL-3 which stimulates 
multipotent stem cells as well as committed progenitor 
cells of several lineages i^ 

Conversely a c-mpl ligarid that has increased activity 
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would be useful when increased maturation 

and platelet product ion act iyi ty relative to the activity 
of the other; of the chimera 

. molecule is desired. . , _ 

The c-mpl ligands of the present invention may also 
be a component of a chimera, joined to a modified mouse 
Fc ( igG2a) constant region (Gross A. H. et al> J^&lzri. in- 

v usef ul; f or /'pur^igc^l 

protein stability and the f o rroa t i on of a dimer though 

: : : • :-' : ^-"^-the-' ; Fc 'regibri : .: : ' v: ''; '^^'^M'B^M 1 - ' •• ■ • ■ ' 

. One aspect ..of the present invention provides a 
■; method for selective ex-yiw ^ pf stem cells . The 

term Astern cell" re f ersj: to the tQt-ipiot ent hematopoietic 
stem cells as well as ;ear^ progenitor 
cells which can be isolated from ibone marrow, spleen or 
, peripheral blood . /The ref ers to the 

differentiation and prblif of the cells. The 

present i n ven t ion pr b v i de s a me t ho d for selective exAvivo 
expansion of stem cells^ (a) 
separating stem cells from other cells, (to) culturing 
said ;separated s tern c ells wi t h a selected media ^ 
comprises a c-mpl ligand^ o^ chimera protein (sl^\^ 
in part comprised of a . c-rapl ligand and (c). harvesting 
said stems cells. Stem dells well as committed progen- 
itor cells destined to become neutrophils , erythrocytes , 
platelets, etc., may be distinguished from most other 
cells by the presence or absence of particular progenitor 
marker antigens, such as CD3 4, that are present on the 
surface of these cells and/or by morphological character- 
istics. The phenotype for a highly enriched human stem 
cell fraction is reported as CD34+, Thy-1+ and lin- , but 
it is to be understood that the present invention is not 
limited to the expansion of this stem cell population. 
The CD3 4 + enriched ?him I 
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rated by a number of reported methods, including affinity 
columns; or beads, magnetic beads or flow cytometry using 
arttil^dies directed to surface antigens such as the 
CD3 4+^ physical separation methods such as 

c bun t er f 1 ow elutriatibn may be used to enrich hematopoi- 
etic progenitors. The CD3.4+ progenitors are heteroge- 
neous, and may be divided into several subpopul at ions 
characterized by the presence or absence of co ~ expr es s ion 
of di f f erent l ineage associated cell sur face as s o c iat ed 
mb le cul e s . • The mps t imma tyre pr;og en i tor cells dp nb t 
expr e s s any known 1 ine age - as soc ia t ed markers , such as 
HI^t DiR or GD3 8 > V bti t they may express 1) , other 

surf ace antigens such ks CD33;^Cp38 # CD4 1 , CD7 1 , HLA-DR 
or e-kit can also be used to selectively isolate hemato- 
pbiet ic p . The separated cells can be incubated 

in 'selected medium in a culture flask, sterile bag or in 
hollow fibers . Various colony stimulating factors may be 
.utilized in order to s e 1 e c t i y e ly expand cells. Represen- 
tative /factors that have been utilized for ex-vivo expan- 
sion of lone marrow include, c4;it ligand, IL-3 , G-CSF , 
GM-GSF , lL-1 , IL-6, IL-11 , Jit -3 ligand or combinations 
; thereof . The prolif eration of the stem cells can be 
monitored by enumerating the number of stem cells and 
other cells, by standard techniques (e.g. hemacytometer, 
•.o-'^>CEVU:, : -^ -LTGIG ) or by f 1 ow cy t ome try prior and subs eguerit to 
incubation. 

Several methods for ex-vivo expansion of stem cells 
have been reported utilizing a number of selection meth- 
ods and expansion using various colony stimulating fac- 
tors including c-kit ligand (Brandt et al . , Blood 8 
3:1507-1514 [1994], McKenna et al., Blood 86:3413-3420 
[1995]), IL-3 (Brandt et al., Blood 83:1507-1514 [1994], 
Sato et al.. Blood 82:3600-3609 [1993]), G-CSF (Sato et 
al., Blood 82:3 600-3 609 [1993]), GM-CSF (Sato et al., 
Blood 82:3600-3609 [1993] ) , IL-1 (Muench et al . , Blood 
81:3463-3473 [1993] ) , IL-6 tSatq et al. , Blood 8 
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2:3600-3609 [1993]) , IL-ll (Lemoli et al. , Exp. Hem. ... 
21:1668-1672 [1993], /Sato et al.., Blood 82:3600^3609 
[1993 ] ) , f lt-3 iigaiid (McKenna et al . , filppd 86 : 3413-3 420 
[1995] ) and/ or cpmbinations thereof (Brandt et al - Blood 
83:1507-1514 [1994] , Haylock et al. . Blood 80 : 1405-1412 
[1992] , Koller et al . , Bioteciinplogy 11:358-3 63 [1993 ] , 
(Lemoli et al . , Exp. Hem. 21:1668 - 1 672 [ 199 3 ] ) , McKenna 
et al . Blood 86 : 3 413 -3420 [1995], ^eiich et al . : y' : - -Blood 
81 : 34 63 -3 47 3 [19 93 ] , ^ Patchen et al . y : ^0'±Wt Jiei^^^rl3S : 2^ ^ 
[19941, Sato et ;alvv ^ 

al . ; Exp. Hem. 21 : fi7Q - §77 ;[ 1? 93 ] , ;s teen ^M^^IZjZ^.^'^- 
- CeiZIs 12 : 214 -224 [1^94] , Tsujirio -et^al/^V ^E^^Iiem>- 
21: 1379-1386 [ 1993] ) 

lating factors, hIL-3 has been shown to . be one of the 
most potent In e^andihgr peripheral b3^^ 
(Sato et ah, Blood 82 : 3 600-3 609 [ 1-9.93,] : , Kqbayashi et * 
al . , Blood 73 :1836-1841 [1989] ) . However , ho single 
factor has been shown to be as effective as the combina- 
tion of multiple factors ; The .present invent ion provides 
methods for ex vivo exp^sipn that utilize mlecules; that 
■are nibre effective than ifc3 alone. 

Another projected clinical use of growth factors has 
been in the in vitro activation of hematopoietic progeni- 
tors and stem cells f br gene therapy ■;''vbue : /fco the 'long;- 
life-span of hematopoietic progenitor cells and the 
distribution of their daughter cells throughout the 
entire body, hematopoietic progenitor cells are good 
candidates for ex vivo gene transf ection. In order to 
have the gene of interest incorporated into the genome of 

* 

the hematopoietic progenitor or stem cell one needs to 
stimulate cell division and DNA replication. Hematopoiet- 
ic stem cells cycle at a very low frequency which means 
that growth factors may be useful to promote gene trans- 
duction and thereby enhance the clinical prospects for 
gene therapy. Potential applications of gene therapy 
(review Crystal , Science 270:404-410 119^51) ^xfiG'1^6-|-^l) 
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the treatment of many congenital metabolic disorders and 
immunodif iericies (Kay and Woo, Trends Genet: 10:253-257 
[1994] )> 2) neurolpjical disorders (Freedi^nn, Trends 
Genet . 10 : 210-214 [ 1994 ] ) , 3 ) cancer (Culver; } a^^Bla^se f 
Trends Genet. 10: 174-178 [1994] ) and 4) infectious dis- 
eases (Gilbpa and Smith, Trends Genet. 10:139-143 
[1994] ) , 

There are a variety of methods, known to those with 

•.?::skill' in the art , for introducing genets a 

- - - ■ • - ^ v 

• .'.hp st re ell v • ; : : A ; : ;nvu^ber- gf yecto 

have been developed fg^ transferring 
into pr ima^ ce 1 1 s ; Vi r a 1 ba s ed vectors include ; 1 ) 
r^licatiqn-def ieieht recombinant ;x.e'trovirU's 
(Boris-Lawrie and Temin, Curr. Opin. Genet. Dev. 
3V102^109 [1993 ] ,\' Bor is-Lawrrie arid Temin , Annal . New York 
Acad. Sci . 716 : 59-71 [1 994 ] ., Mi 1 ler , Current Top . 
Mi crobiol . Inumznol . 158 :l-24 [ 1992 ] ) arid 
r ep 1 i c a t i on - d e f i c i en t recombinant adenovirus {Berkner, 
BioT<echniques <6 : 616-629 [1988 ] •, Berkner ; Current Top. 
Microbiol . Immunol • 158 : 39-66 [1992], Brody and Crystal, 
V Ahhal. New York Acad ^ - Sci . 716 : 90-103 [1994] ) . Non-viral 
based vectors include protein/ DNA c omp 1 ex e s (Cristiano et 
a 1 . , PMAS USA . 90: 2122-2126 [1993] ,. Cur i el et al . , PNAS 
USA -88 : 8850-8854 [1991] / Curiel, Annal New York Acad. 
Sci. 716:36-58 [19-94] ) , electrbporation and liposome 
mediated delivery such as catibriic liposomes (Farhood et 
al . , Anna! . New York Acad. Sci . 716:23-35 [1994 ]). 

The present invention provides an improvement to the 
existing methods of expanding hematopoietic cells, which 
new genetic material has been introduced, in that it 
provides methods utilizing chimera proteins that have 
improved biological, including an activity not seen by 
any single colony stimulation factor and/or physical 
properties . 

The present invention also provides genes, encoding c- 
mpl ligands and chimiera proteins , which can be introduced 
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into cells for gene therapy - 

As another aspect of the present invention, there is 1 
:v:^provided a hovel method for producing the novel f ami ly of 
human c-mpl ligand muteins. The mist hod of the present 
invention involves cultuiring a suitable ceil or cell 
line, which has been transit ormed ' .v^i-th';. : ;a>;i;^ 
a DNA sequence coding for expression of a novels c-rmpi 
" ligarid i^t^ht: I Su i tab 1 e c£ 1 Is o r 1 - 1 ihe s 

:v,:.;; : may be bac terial : cell s . ; For exampl e ; :, - ; ; ; ; : ; :the^i^var i;ous:;;: ; ; ; s trains. • 

of J5. cpli are well-kno\^ as host cells in the field of 
■■ ■■■■'■^^^■Q^yi^gy ^ampies t>% such strains iriclude JET. col i 
strains JM101 ( Yariisch- Perron, et al v , Gene, 33 : 103 - 119 
{1985] ) and MON105. (Obukowicz , et al ; , Appi . and Envir, 
Micr. . 58 : 1511-1523 £199-2 ] ) . Various strains of B. 
■ subtil is may also be employed in this method . Many 
strains of yeast . cells known to those skilled in the art 
are a 1 s o aval 1 ab 1 e as host c el 1 s for expression of the 
polypept ides of the present invent ion ♦ 

^Mso suitable for us present invention are. 

: mammalian cells, such as Chines e hams t e r o vairy cells 
j. : (CHO) . General meth6<is 'for : expression, of foreign "genes 

mammalian cells are reviewed in: Kaufman , R. J . . ( 1987 ) 
jHigh level production of proteins in mammalian cells, in 
Genetic i^girieerxrig, - Principles and Methods Vr/Voiv^'^v^^J-'i."'- 1 
K . Setlow, editor. Plenum .Press, New York . An egression 
vector is constructed in which a strong promoter capable 
of functioning in maiimaiiah cells drives transcription of 
a eukaryotic secretion, sixghal peptide coding region, 
which is translationally joined to the coding region for 
the c-mpl ligand variant. For example, plasmids such, as 
pcDNA I/Neo, pRc/RSV, and pRc/CMV (obtained from 
Invitrogen Corp., San Diego, California) can be used. 
After construction of the vector containing the c-mpl 
ligand gene, the vector DNA is transf ected into mammalian 
cells. Such cells can be,, for example, the C0S7, HeLa, 
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jQHO or mouse ; L lines . The cells can :|ie cultured, r 
for example , in DMEM media ( JRH S c i en t i f i c ) . The c-mpl 
' ;l'i£and; s e c r e t ied i n t p the media can be recpyer^d --by :Js£anT : ; 
dar d bioch emi ca 1 approaches following tr^sient expres- 
sion 2 4 ; - 72 hours af ter trari&f ectibri df tKfe' cells or 
af lines, following selec- 
tion for neomycin resistance. The selection of suitable 
mammalian host cells and methods for t rahs forma t ion > 



- ' • --- - ■■■ ' ■ •■ * - ■ ■ 
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Geth^ ^aunribrookv i^turg 293 : £20^62 5 [1981], or 

, : ; •' i :^:al'teTOati^ly , ' HiKauf m^ : >:et-- : - al f, Mol; - ■Cell^ ^Biai-s :5'' : "'" :; 
^ 1 1 985 ] or Howl ^ et ; al ; > U . S ^ . : .xNo;. , : . 

4 , 419 f 446 . Another .suitable mammalian cell line is the 
15 ■; ; mOi|k|y; ;: ; ; GG^^ . 

eel 1: 1 ine is the CV-1 cell line 

Where des ired , insect cells may be utilized as host 
cell s ; in the method b f the pr es en t invent ion . ,.\ See , e ♦ g . 
Mill^ ..^t al, genetic Engineering, ^8 ; 277 ^2?8 plenum 
20 \ : Press ) and r e f erenc^s cited therein . In Edition, 

g eher a 1 riie t hods for expression of foreign genes in insect 
cells us ing Baculovirus vectors are described in: Sum - 
;mers l: ;J.^p r and Smith, G. E. (1987) - A manual of methods 
for Baculovirus vectors and insect cell culture proce- 
25 -^du^ Stat ion Bui 1 £ t i n No . 

1555 . Ah expression vector is constructed comprising a 
Bai cu i ovi ru s transfer vector, in which a strong 
Baculovirus promoter (such as the polyhedron promoter) 
drives transcription of a eukaryotic secretion signal 
30 peptide coding region, which is translationally joined to 

the coding region for the c-mpl ligand polypeptide. For 
example, the plasmid pVL1392 (obtained from Invitrogen 
Corp., San Diego, California) can be used. After con- 
struction of the vector carrying the c-mpl ligand gene, 
35 two micrograms of this DNA is cbtransf ected with one 

microgram of Baculovirus DNA (see Summers & Smith, 1987) 
into insect cells, strain SF 9^ Pure recombinant 
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Baculovirus carrying the hIL-3 variant is used to infect 
cells cultured, for example, in Excell 401 serum-free 
medium <JRH Biosciences, Lenexa, Kansas) . The c-rapl 
ligand secreted into the medium can be recovered by 
standard biochemical approaches. 

Another aspect of the present invention provides 
plasmid DNA vectors for use in the method of expression 
of these novel c-mpl ligand muteins. These vectors 
contain the novel DNA sequences described above which 
code for the novel polypeptides of the invention.- Appro- 
priate vectors which can transform microorganisms capable 
of expressing the c-mpl ligand muteins include expression 
vectors comprising nucleotide sequences coding for the c- 
mpl ligand muteins joined to transcriptional and 
translational regulatory sequences which are sellected 
according to the host cells used. 

Vectors incorporating modified sequences as, described 
above are included in the present invention and are 
useful in the production of the c-mpl ligand mutant 
polypeptides. The vectoif employed in the method also 
contains selected regulatory sequences in operative 
association with the DNA coding sequences of the inven- 
tion and capable of directing the replication and expres- 
sion thereof in selected host cells. 

Other aspects of the present invention are methods and 
therapeutic compositions for treating the conditions 
referred to above. Such compositions comprise a thera- 
peutically effective amount of one or more of the c-mpl 
ligand muteins of the present invention in a mixture with 
a pharmaceutically acceptable carrier. This composition 
can be administered either parenterally , intravenously or 
subcutaneous ly. When administered, the therapeutic 
composition for use in this invention is preferably in 
the form of a pyrogen- free, parenterally acceptable 
aqueous solution. The preparation of such a parenterally 
acceptabl protein solution, having due regard to pH, 
isotonicity, stability and the like, is within the skill 
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of the art . 

The dosage regimen involved in a method for treating 
the above-described conditions will be determined by the 
attending physician considering various factors which 
modify the action of drugs, e.g. the condition, body 
weight, sex and diet of the patient, the severity of any 
infection, time of administration and other clinical 
factors. Generally, a daily regimen may be in the range 

of 0.1 - 100 Jig/kg of non-glycosylated c-mpl ligand ^ 

*■- * _ 

protein per kilogram of body weight. Dosages wouldfifcjfe 
adjusted relative to the activity of a given mutein and 
it wpul.d not be unreasonable to note that dosage regimens 
may include doses as low as 0.1 microgram and as high as 
1 milligram per kilogram of body weight per day. In 
addition, there may exist specific circumstances where 
dosages of c-mpl ligand mutein would be adjusted higher 
or lower than the range of 0.1 - 100 micrograms per 
kilogram of body weight. These include co-administration 
with other CSF or growth" factors; co-administration with 
chemotherapeutic drugs and/or radiation; the use of 
glycosylated c-mpl ligand mutein; and various patient - 
related issues mentioned earlier in this section. As 
indicated above, the therapeutic method and compositions 
may also include co-administration with other human 
factors. A non- exclusive list of other appropriate 
hematopoietins, CSFs and interleukins for simultaneous or 
serial co-administration or chimera with the polypeptides 
of the present invention includes GM-CSF, CSF-1, G-CSF, 
Meg-CSF, M-CSF, erythropoietin (EPO) , IL-1, IL-3, IL-4, 
IL-2, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, 
IL-13, IL-15, IL-16, LIF, flt2/flk3 ligand, B-cell growth 
factor, B-cell differentiation factor and eosinophil 
differentiation factor, stem cell factor (SCF) also known 
as steel factor or c-kit ligand (herein collectively 
referred to as "colony stimulating factors"), or combina- 
tions thereof, in addition to the list above, IL-3 
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variants taught in WO 94/12638, WO 94/12639 and 
WO 95/00646 can be co-administered or joined as a chimera 
with the c-mpl ligand polypeptides of the present inven- 
tion. The c-mpl ligand s of the present invention can be 
joined or co- administered as with another "colony stimu- 
lating factor* as discussed above in a fashion taught in 
WO 95/20977 and WO 95/21254, The dosage recited above 
would be adjusted to compensate for such additional 
components in the therapeutic composition. Progress of 
the treated patient can be monitored by periodic assess- 

ment of the hematological profile, e.g., differential 

; > 

cell count and the like. 

All references, patents or applications cited herein 
are incorporated by reference in their entirety. 

Recombinant DMA methods 

Unless noted otherwise, all specialty chemicals were 
obtained from Sigma Co., (St. Louis, MO). Restriction 
endonucleases and T4 DNA*ligase were obtained from New 
England Biolabs (Beverly, MA) . 

Reverse transcriptase/polymerase chain reaction _ 

The alternate forms of c-mpl ligand can be isolated 
using reverse transcriptase /polymerase chain reaction 
(RT/PCR) technology. Synthetic primers are designed so 
that they would anneal to either c-mpl ligand DNA or mRNA 
(c-mpl ligand sequence based on Genebank accession 
#L33410 or de Sauvage et al . , Nature 369: 533-538 [1994]) 
for priming first-strand complementary DNA (cDNA) synthe- 
sis. The resulting cDNA is used as a template in PCR 
(Saiki, 1985) to generate double -stranded DNA (dsDNA or 
DNA) which can be used in additional PCR or digested with 
appropriate restriction enzymes for transfer to 
Baculovirus, mammalian or bacterial, such as E. coli, 
expression plasmids . 

For the reverse transcriptase (RT) reaction, human fetal 
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(lot #38130) and adult liver (lot #46018) A+ RNA can.be 
obtained from Clontech (Palo Alto, CA) . The RT reactions 
are carried out using a cDNA Cycle™ Kit obtained from 
Invitrogen (San Diego, CA) . One microgram (ug) of each 
RNA sample is denatured at 65°C for 10 min. in the pres- 
ence of either random primers, oligo dT primer or a 
specific 3' anti-sense primer. Following denaturation, 
the samples are cooled for 2 min. on ice and spun down 
for 10 sec, at 10,000 x g. RNAse inhibitor, reverse 
transcriptase buffer, deoxynucleotides, sodium pyropljos- 
phate and reverse transcriptase are added as described by 
manufacturer, and the 20 microliter reaction is incubated 
at 42°C for 1 hr. 

For PCR specific 5' sense and 3' anti-sense primers are 
added to the RT reactions and the PCR is carried out 
using reagents from Boehringer Mannheim (Indianapolis, 
IN) or Perkin-Elmer (Norwalk, CT) as described by the 
manufacturers using Taq polymerase- The PCR reactions are 
subjected to 30 cycles of the following; 1 min. @ 94°C, 1 
min. @ 58°C, 90 sec. @ 12°C. An equal volume of loading 
dye (0.01% each bromophenol blue and xylene cyanole blue) 
is added to 10 microliters of the final product for 
electrophoresis through a 1% SeaKem* LE agarose (FMC, 
Rockland, ME) gel in the presence of Ix TBE/EtBr (Tris- 
borate-EDTA plus ethidium bromide; Sambrook et al.. 
Molecular Cloning: A Laboratory Manuals 2nd ed., Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 
[1989]). For molecular weight standards, 1 microgram of 
phixl74 phage DNA digested with Haelll restriction enzyme 
(New England Biolabs, Beverly, MA) is loaded onto the 
gel. The product (about 1090 base pairs) is visualized 
using a short-wave UV light source. The reactions are 
purified using a Wizard™ PCR Preps kit from Promega ■" 
(Madison, WI) . Briefly, the PCR reactions are added to 
100 microliters of Direct Purification buffer, and 1 
milliliter (mL) of PCR Preps DNA Purification Resin is 
added to this mixture. After 1 minute incubation at 



WO 96/23888 



PCT/US96/00830 



28 

24°C, the supernatant is removed by vacuum filtration 
through a filtration column. Two mLs of 80% isopropanol 
is used to wash the resin via vacuum filtration. The 
column containing the resin is then subjected to centrif- 
5 ugation at 10,000 x g for 30 seconds to remove residual 

isopropanol. The PGR product is eluted with 50 
microliters of 10 mM Tris-HCl, 1 mM EDTA, pH7.4, via 
centrif ugation at 10,000 x g for 30 seconds followed by 
transfer of supernatant to a new tube. 

10 ■ : -j " 

Subclonina c-mol liaand forms into expression Voters 

The c-mpl ligand PGR products are digested with the 

appropriate restriction enzymes for ligation to either 

baculovirus, mammalian or E. coli expression vectors. 

15 The mammalian expression vectors are derivatives of 

PMON3359 which is a pUC18 -based vector containing a 
mammalian expression cassette. The cassette includes a 
herpes simplex viral promoter IE110 (-800 to +120) and a 
SV40 late poly-adenylation (poly-A) signal which has been 

20 subcloned into the pUC18 "polylinker (See Hippenmeyer et 

al., Bio/Technology :1037-1041 [1993]). Restriction 
enzyme digestions are incubated for 1 hour at 37°C as 
described by the manufacturer prior to electrophoresis 
through a 1% agarose/lx TBE/EtBr gel. Fragments are 

25 first visualized by long-wave UV and gel-purified using a 

Qiaex DNA Extraction kit (Qiagen, Chatsworth, CA) . The 
DNA fragments are purified from the resin by agarose 
solubilization, addition of a DNA-binding resin, and - 
extensive washing of the resin prior to elution with 

30 water. The purified DNA products are combined at a molar 

excess of PGR product to vector and the ligation reac- 
tions are carried out according to the manufacturer's 
recommended conditions for T4 DNA ligase. 
The E. coli expression vectors that direct high-level 

35 production of heterologous proteins in the cytoplasm are 

derivatives of that described elsewh re (Olins et al.. 
Methods Enzym., 185: 115-119 [1988] and Rangwala et al., 
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Gene, 122: 263-269 [1992]). The expression cassette 
consists of the recA promoter and T7 gene 10 ribosome 
binding site (RBS) as well as an M13 origin of replica- 
tion or a tandem inverted repeat of a phage P22 gene 
which acts as a transcription terminator. These cas- 
settes are on a plasmid with the pBR327 origin of repli- 
cation and encode a gene either for spect inomycin or 
ampicillin resistance. 

Transformation of E. coli strains 

E. coli strains such as TGI (Amersham Corp. , Jt-* 
Arlington Heights, ID JM101 (Yanish-Perron C, et al. 

Gene 33: 103-119 [1985]), or DH5a (Life Technologies, 

Gaithersburg, MD) are used for transformation of ligation 
reactions and are the source of plasmid DNA for 
transfecting mammalian cells. E.coli strains MON105 and 
JM101 can be obtained from the American Type Culture 
Collection (ATCC, Rockville, MD) and are hosts for ex- 
pressing alternate forms of c-mpl ligand in the cytoplasm 
and periplasmic space of E. coli. 

MON105 ATCC#55204: F- , lambda- , IN (rmD, rrE)l, rpoD+, 
rpoH358 . - - 

JM101 ATCC#3387 6: delta (pro lac), supE, thi, F' (traD36, 
proA + B+, lacl<*, 2acZdeltaMl5) 

TGI: delta (lac-pro) , supE, thi, hsdDS/F* ( traD36, proA*B*, 
iacio, lacZdeltaMlS) 

DH5a: F- *80dIacZMl5 A(IacZYA-argF)U169 deoR recAl endAl 

hsdR17(r K -, m K + ) supE44 X~ thi-1 gyrA96 relAl 

E. coli strains can be rendered competent to take up DNA 
using a CaCl 2 method. Typically, 20 to 50 mLs of cells 

are grown in LB medium (1% bacto-tryptone, 0.5% bacto- 
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yeast extract, 150 millimolar NaCl) to a density of 
approximately 1 . 0 optical density units at 600 nanometers 
(OD 60 o) as measured by a Baush & Lomb Spectronic spectro- 
photometer (Rochester, NY) . The cells are collected by 
centrifugation and resuspended in one-fifth culture 
volume of CaCl2 solution (50 millimolar CaCl2# 10 millimo- 
lar Tris-HCl, pH7.4) and are held at 4*C for 30 minutes. 
The cells are again collected by centrifugation and 
resuspended in one tenth culture volume of CaCl2 solu- 

tion. Ligated DNA is added to 0.2 mL of these. : Cells , and 
the samples are held at 4*C for 1 hour. The samples are 
shifted to 42 *C for two minutes and 1.0 mL of LB is added 
prior to shaking the samples at 37 *C for one hour. Cells 
from these samples are spread on plates (LB medium plus 
1.5% bacto-agar) containing either ampicillin (100 raicro- 
grams/mL, ug/mL) when selecting for ampicilliri-resistant 
trans formants, or spectinomycin (75 ug/mL) when selecting 
for spectinomycin-resistant transf ormants . The plates 
are incubated overnight at 37 *C. Single colonies are 
picked, grown in LB supplemented with appropriate antibi- 
otic for 6-16 hours at 37 *C with shaking. 

Colonies are picked and inoculated into LB plus appropri- 
ate antibiotic (100 ug/mL ampicillin or 75 ug/mL 

* 

spectinomycin) and are grown at 37°c while shaking. 
Before harvesting the cultures, 1 ul of cells are ana- 
lyzed by PGR for the presence of a c-mpl ligand gene. 
The PCR is carried out using a combination of primers 
that anneal to the c-mpl ligand gene and/or vector. 
After the PCR is complete, loading dye is added to the 
sample followed by electrophoresis as described earlier. 
A gene has been ligated to the vector when a PCR product 
of the expected size is observed. 

DNA isolation and characterization 

Plasmid DNA is isolated using the Proraega Wizard*™ 
Miniprep kit (Madison, Wl) or the Qiagen QIAwell Plasmid 
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isolation kits (Chatsworth, CA) . Both kits follow the 
same general procedure for plasmid DNA isolation. Brief- 
ly, cells are pelleted by centrifugation (5000 x g) , 
plasmid DNA released with sequential NaOH & acid treat- 
ment, and cellular debris is removed by centrifugation 
(10000 x g) . The supernatant (containing the plasmid 
DNA) is loaded onto a column containing a DNA-binding 
resin, the column is washed, and plasmid DNA eluted with 
TE. Between 0,2 and 1.0 ug of plasmid DNA from the 
truncated c-mpl ligand clones is digested with apprppri- 
ate restriction enzymes followed by electrophoresis as 
described earlier to confirm the presence of a c-mpl gene 
fragment released from the vector. £. col i harboring the 
desired plasmid DNA are inoculated into 100 mis of LB 
plus appropriate antibiotic for overnight growth at 37°C 
in an air incubator while shaking. Plasmid DNA is iso- 
lated using the Qiagen Plasmid Midi kit (Chatsworth, CA) 
which is a scaled-up version of the Qiagen QlAwell Plas- 
mid isolation kit described earlier. The DNA is used for 
DNA sequencing, further restriction -enzyme digestion, 
additional subcloning of DNA fragments and transfection 
into mammalian or E. coli cells. 

_ Purified recombinant double- stranded DNA is -se- 
quenced using either the Applied Biosystems Inc. (ABI, 
Foster City, CA) PRISM*™ Ready Reaction DyeDeoxy™ Termi- 
nator Sequencing system or United States Biochemical 
(Cleveland, OH) Sequenase™ Version 2.0 DNA Sequencing 
kit. The ABI system relies on incorporation of four 
fluorescence labelled dideoxy nucleotides into single - 
stranded DNA during multiple rounds of amplification. 
Plasmid DNA and a sequencing primer are added to the 
reaction mixture (including Taq DNA polymerase, buffer 
and nucleotides) , which is subjected to 25 cycles of 
amplification (30 seconds at 96°C, 15 seconds at 50°C, 4 
minutes at 60°C) . Following amplification, unincorporat- 
ed nucleotides are removed using Centri-Sep spin columns 
(equilibrated in water) as described by Princeton Separa- 
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tions. Inc. (Adelphia, NJ) . Briefly, the samples are 
loaded onto a column that has excess water removed by 
centrifugation (700 x g) for 2 minutes, and the purified 
sequencing product is eluted by centrifugation (700 x g) 
for 4 minutes. The samples cure then dried down in a 
Speed Vac (Savant, Hicksville, NY) prior to' addition of 
loading solution. < The samples are electrophoresed 
through a 4.75% polyacrylamide sequencing gel containing 
7M urea in IX TBE at 70 watts constant power. The ABI 
system uses a detector that recognizes each dif ferential- 
ly labelled PCR product as they are being subjected to 
electrophoresis. 

For the Sequenase™ sequencing system, plasmid DNA is 
denatured with NaOH and neutralized with ammonium hydrox- 
ide (as described by manufacturer) to provide single- 
stranded DNA for sequencing. After annealing a sequenc- 
ing primer to the denatured DNA for 30 minutes in the 
presence of buffer, alpha P^P] deoxy adenosine triphos- 
phate, DTT, deoxy and dideoxy nucleotides are added. 
After 5 minutes at room temperature, the reaction is 
split into four tubes, each of which contains additional 
deoxy nucleotides as well as one type of dideoxy nucleo- 
tide per tube. After 5 minutes at 37°C, the reactions 
are terminated with loading dye. The samples are heated 
to 80°C for 2 minutes and subjected to electrophoresis on 
a 6.0% polyacrylamide sequencing gel containing 7M urea 
in IX TBE at 70 watts constant power. The gel is fixed 
in 10% acetic acid for 30 minutes and dried under a 
vacuum at 80° C for 30 minutes. The dried gel is placed 
next to X ray film overnight at room temperature and the 
film is developed using an Eastman Kodak X-OMAT M20 
processor (Rochester, NY) . 

Production of novel forms of c-mpl ligand 

Mammalian Cell Transf ection/Production of Conditioned 
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Media 

The BHK-21 cell line can be obtained from the ATCC 
(Rockville, MD) . The cells are cultured in Dulbecco's 
modified Eagle media (DMEM/high-glucose) , supplemented to 
2 millimolar (mM) L-glutamine and 10% fetal bovine serum 
(FBS) . This formulation is designated BHK growth media. 
Selective media is BHK growth media supplemented with 453 
units/ml hygromycin B (Calbiochem, San Diego, CA) . The 
BHK-21 cell line was previously stably transfected with 
the HSV transactivating protein VP16, which : • 

transactivates the IE110 promoter found on the plagbid 
PMON3359 (See Hippenmeyer et al., Bio/Technology :l037- 
1041 [1993]). The VP16 protein drives expression of genes 
inserted behind the IE110 promoter. BHK-21 cells express- 
ing the transactivating protein VP16 is designated BHK- 
VP16. The plasmid pMON1118 (See Highkin et al.. Poultry 
Sal. 70: 970-981 [1991]) expresses the hygromycin resis- 
tance gene from the SV40 promoter. A similar plasmid is 
available from ATCC, pSV2-hph. 

BHK -VP 16 cells are seeded into a 60 millimeter (mm) 
tissue culture dish at 3 X 10* cells per dish 24 hours 
prior to transf ection. Cells are transfected for 16 hours 
in 3 mL of -OPTIMEM-™ (Gibco-BRL, Gaithersburg, MD) 
containing 10 ug of plasmid DNA containing the gene of 
interest, 3 ug hygromycin resistance plasmid, pMON1118, 
and 80 ug of ^LIPOFECTAMINE*™ (Gibco-BRL) per dish. The 
media is subsequently aspirated and replaced with 3 mL of 
growth media. At 48 hours post-transf ection, media from 
each dish is collected and assayed for activity (tran- 
sient conditioned media). The cells are removed from the 
dish by trypsin-EDTA, diluted 1:10 and transferred to 100 
mm tissue culture dishes containing 10 mL of selective 
media. After approximately 7 days in selective media, 
resistant cells grow into colonies several millimeters in 
diameter. The colonies were removed from the dish with 
filter paper (cut to approximately the same size as the 
colonies and soaked in trypsin/EDTA) and transferred to 
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individual wells of a 24 well plate containing 1 mL of 
selective media. After the clones are grown to conflu- 
ence, the conditioned media is reassayed, and positive 
clones axe expanded into growth media* 

Expression and purification of recombinant c.-mol - lioand 
proteins from E . aoli 

E. coli strain MON105 harboring the plasmid of 
interest are grown at 37°c in M9 plus casamino acids 
medium with shaking in a air incubator Model G2S.i f rom New 
Brunswick Scientific (Edison, New Jersey) . Grpvth is 
monitored at OD 60 o until it reaches a value of 1.0 at 

which time Nalidixic acid (10 milligrams/mL) in 0.1 N 
NaOH is added to a final concentration of 50 iig/mL. The 
cultures are then shaken at 37°C for three to four addi- 
tional hours. A high degree of aeration is maintained 
throughout culture period in order to achieve maximal 
production of the desired gene product. The cells are 
examined under a light microscope for the presence of 
inclusion bodies (IB). One mL aliguots of the culture 
are removed for analysis of protein content by boiling 
the pelleted cells, treating them with reducing buffer 
. and -electrophoresis via SDS-PAGE (see Maniatis" et alv 
Molecular Cloning: A Laboratory Manual, [1982]). 
After centrifugation (5000 x g) to pellet the cells, the 
first step in purification of the protein is either 
sonication or homogenization of the cells. For sonica- 
tion, the cells are resuspended in one- tenth volume 
(based on culture size) sonication buffer (10 mM Tris- 
HC1, pH 7.5, 1 mM EDTA) . These resuspended cells are 
subjected to several repeated sonication bursts using the 
microtip from a Sonicator cell disrupter. Model W-375 
obtained from Heat Systems-Ultrasonics Inc. (Farmingdale, 
New York) . The extent of sonication is monitored by 
examining the homogenates under a light microscope. 
After all of the cells are disrupted, the homogenates are 
fractionated by centrifugation at 10000 x g for 20 roin- 
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utes at 4°C in a JA-20 rotor and J2-21 centrifuge 
(Beckman, Fullerton, CA) . Alternatively, the IBs are 
released from the cells by lysing the cells in sonication 
buffer with a Manton-Gaulin homogenizer (Holland) fol- 
lowed by centrifugation as above. The IB pellets, which 
are highly enriched for the recombinant protein, are then 
subjected to another round of sonication and centrifuga- 
tion as described above. The recombinant protein is 
purified by a variety of standard methods. The most 
common methods involve solubilization of the IBs with 4-6 
molar urea or guanidine-HCl buffers at pH 9-12, an£;&ir 
oxidation/ folding in the presence of catalytic concentra- 
tions of cysteine, beta-mercaptoethanol or dithiothreitol 
for 24 to 72 hours. The protein is purified from E, coli 
contaminants using ion-exchange chromatography, such as 
Q-sepharose (anion) and S-sepharose (cation) , gel filtra- 
tion, hydrophobic chromatography or reversed phase HPLC. 
After dialysis against a low ionic strength buffer, the 
purified protein is stored frozen or lyophilized. 

Additional details about recombinant DNA methods 
which may be used to create the variants and chimera 
proteins, express them in bacteria, mammalian cells or 
insect cells, purification and refold of the desired 
proteins and assays for determining the bioactvity of the 
proteins may be found in WO 95/00646, WO 94/12639, 
WO 94/12638, WO 95/20976, WO 95/21197, W095/20977, and 
WO 95/21254 which are hereby incorporated by reference in 
their entirety. 

Further details known to those skilled in the art 
may be found in T. Maniatis, et al., Molecular Cloning. A 
Laborat ory Manual . Cold Spring Harbor Laboratory (1982) 
and references cited therein, incorporated herein by 
reference; and in J. Sambrook, et al.. Molecular cloning. 
A Laboratory Manual . 2nd edition. Cold Spring Harbor 
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Laboratory (1989) and references cited therein, incorpo- 
rated herein by reference. 

Without further elaboration, it is believed 
that one skilled in the art can, using the preceding 
description, utilize the present invention to its fullest 
extent. The following preferred specific embodiments 
are, therefore, to be construed as merely illustrative, 
and not limitative of the remainder of the disclosure in 
any way whatsoever. ; u 

•> 

Example 1 

Isolation of c-mpl liaand aene products 

A, Reverse transcriptase reaction 

Human fetal (lot #38130) and adult liver (lot #46018) A+ 
RNA were obtained from Clontech (Palo Alto, CA) . The 
first strand cDNA reactions were carried out using a cDNA 
CycleTM Kit obtained from Invitrogen (San Diego, CAT. In 
the first reverse transcriptase reaction (RT#1) random 
primers (supplied in cDNA Cycle™ Kit ) were used. In the 
second reverse transcriptase reaction (RT#2) oligo dT 
primer (supplied in cDNA Cycle™ Kit) and the specific 3' 
anti -sense primer, c-mplEcoRI [SEQ ID NO: 23] were used. 
The c-mplEcoRI primer anneals to the 3' end of the c-mpl 
ligand gene coding sequence (bases #1257-1278 based on c- 
mpl ligand sequence from Genebank accession #L33410 or de 
Sauvage et al., Nature '3-69: 533-538 [1994]) and encodes 
an EcoRI restriction enzyme site 3 ' to the termination 
codon. 

B. Polymerase chain reaction 
1. 1-332 c-mpl ligand 

For amplification of 1-332 amino acid c-mpl ligand gene 
fragments, the product of reverse transcriptase reactions 
RT#1 and RT#2 were used as templates in PCR. In the first 
polymerase chain reaction (PCR#1), RT#1 served as the 
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template and the primers c-mplEcoRI [SEQ ID NO: 23] and 
the 5' sense primer c-raplBglll [SEQ ID NO:24] were added 
to the reaction. The c-mplBglll [SEQ ID NO: 24] primer 
anneals to the 5' end of the coding sequence for the c- 
mpl ligand gene (bases #207-230) and encodes a Bglll 
restriction enzyme site 5' to the initiator methionine 
codon. In (PCR#2), RT#2 served as the template and only 
the c-mplBglll [SEQ ID NO: 24] primer was added. 

2. 1-153 c-mpl ligand : / 

For amplification of 1-153 amino acid c-mpl ligand^|fene 
fragments, PCR#2 served as the template for amplification 
with a combination of the following primers; 
c-mplNcol [SEQ ID NO:25], c-mplHindlll [SEQ ID NO:26], 
Ecocmpl [SEQ ID NO: 29] 

In polymerase chain reaction #3 (PCR #3), for generation 
of a 1-153 c-mpl ligand with a translation termination 
codon following amino acid #153, the c-mplNcol [SEQ-TO 
NO:25] and c-mplHindlll TSEQ ID NO:26] primers were used. 
The c-mplNcol primer [SEQ ID NO: 25] anneials to, the c-mpl 
ligand gene (bases #279-311) resulting in codon choice 
degeneracy so that the grene could be efficiently tran- 
scribed and translated in Escherichia coli IE. coli) . 
Transcription and translation of foreign genes in E. coli 
is affected by codon choice at the 5' end of the gene, 
and E. coli-preferred codons (See Chen et al . , DNA :365- 
374 [1982]) usually lead to higher levels of expression. 
By providing multiple choices in codon sequence, multiple 
clones can be screened for high level expression. The 
Ncol restriction enzyme site added to the 5' end of the 
gene codes for methionine and alanine codons prior to the 
serine which is referred here as c-mpl ligand amino acid 
#1. The c-mplHindlll [SEQ ID NO: 26] adds both a termina- 
tion codon and a Hindlll restriction enzyme site immedi- 
ately following the final codon, arginine, which is 
referred to herein as amino acid #153. In polymerase 
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chain reaction #4 (PCR#4) , for generation of a 1-153 c- 
mpl ligand without a termination codon following amino 
acid #153, the c-mplNcol [SEQ ID NO: 25] and Ecocmpl [SEQ 
ID NO: 29] primers were used with PCR#2 as the template. 
The Ecocmpl [SEQ ID NO: 29] primer encodes a EcoRI site 
(GAATTC) in-frame with the c-mpl ligand gene, which 
create a glutamate and phenylalanine codons. These PCR 
reactions were designed so that the product resulted in 
the sequence from bases #279-737, encoding amino acids 
#1-153, which could be transferred into multiple expres- 
sion systems. 

RvaitinlP.2 

* 1 

BHK expression plasmid for 1-332 c-mpl liaand oene prod- . 
ucts 

The full length c-mpl ligand PCR products (PCR#1 and 
PCR#2) were digested with Bglll and EcoRI restriction 
enzymes and combined for" transfer to a mammalian expres- 
sion vector. The expression vector, pMON3976, was di- 
gested with BamHI and EcoRI (ca. 3750 bp), which allowed 
it to accept the .^Bglll-EcpRl PCR . fragments (ca. fc . 105.0 bp),. 
PMON3976 is a derivative of pMON3359 which is a pUC18- 
based vector containing a mammalian expression cassette. 
The cassette includes the herpes simplex viral promoter 
IE110 (-800 to +120) and a SV40 late poly-adenylation 
(poly -A) signal subcloned into the pUCl8 poly linker (See 
Hippenmeyer e t al ., Bio/Technology : 1037-1041 [1993 ]) . 
The original EcoRI site 5' to the promoter had been 
removed and a new EcoRI site added 3' to the BamHI site. 
These unique restriction enzyme sites are located between 
the promoter and poly-A signal to facilitate subcloning 
DNA fragments as BamHI -EcoRI or Bglll-EcoRI fragments in 
a 5' to 3' direction for transcription and translation. 
The Bglll site (5' end of the gene) is destroyed when 
ligat d to the BamHI site of the vector. Plasmid DNA was 
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prepared from individual clones and the c-mpl ligand 
insert portion were sequenced. One of the clones identi- 
fied, pMON26451-3, encodes amino acids 1-332 c-mpl ligand 
with a deletion of amino acids #112-115. The plasmid, 
PMON26451-3, contains the DNA sequence [SEQ ID NO: 39] 
which encodes the polypeptide represented by [SEQ ID 
NO:37], One of the clones identified, pMON26451-l, en- 
codes amino acids 1-332 c-mpl ligand with a amino acid 
substitution K(122)E. The plasmid, pMON26451-l, contains 
the DNA sequence [SEQ ID NO: 59] which encodes the poly- 
peptide represented by [SEQ ID NO: 66]. One of the ^elones 
identified, pMON26451-4, encodes amino acids 1-33$ c-mpl 
ligand with two amino acid substitutions P(46)L and 
W(200)R. The plasmid, pMON26451-4, contains the DNA 
sequence [SEQ ID NO: 60] which encodes the polypeptide 
represented by [SEQ ID NO:67]. 

Example 3 

BHK expression plasmid for 1-153 c-mpl liaand aene prod- 
ucts 

The 1-153 c-mpl ligand PCR product < PCR# 3 ) was digested 
with Ncol and Hindlll restriction enzymes (ca. 460 bp) 
for transfer to a mammalian expression vector. The 
expression vector, pM0N3934, was digested with Ncol and 
Hindlll (ca. 3800 bp). pMON3934 is a derivative of 
PMON3359 which is a pUC18 -based vector containing a 
mammalian expression cassette. The cassette includes the 
herpes simplex viral promoter IE1 10 (-800 to +120), a 
modified human IL-3 signal peptide sequence and a SV40 
late poly-adenylation (poly-A) signal subcloned into the 
pUC18 polylinker (See Hippenmeyer et al . , Bio/Technology 
: 1037-1041 [1993]). The human IL-3 signal peptide se- 
quence, which had been subcloned as a BamHI fragment into 
the unique BamHI site between the IE110 promoter and 
poly-A signal, contains an Ncol site at its 3' end fol- 
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lowed by a Hindlll site. This cloning also leaves a BamHI 
site 5 * to the signal peptide and another BamHI site 3 ' 
to the Hindlll site. When an Ncol-Hindlll fragment is 
subcloned into pMON3934, the DNA sequence between the 
Ncol and, Hindlll sites is lost. This expression cassette 
is useful for secretion of proteins outside the cell. 
The DNA sequence of the signal peptide is shown below 
(restriction enzyme sites are indicated above). The ATG 
(methionine) codon within the Ncol site is in-frame with 
the initiator ATG of the signal peptide (underlined) ; 

, : > " 

5 * GGATCCACC^I!SAGCCGCCTGCCCX3TCCICCTCC^^ 

[SEQ ID NO: 27] 

MetSerArgLeuProValLeuLeuLeuLeuGlnLeuLeuValAxgProAleLMet 

[SEQ ID NO: 28] 

Plasmid DNA was prepared from individual clones and the 
c-mpl ligand insert portion were sequenced. One of the 
clones identified, pMON2644B, encodes amino acids 1-153 
c-mpl ligand. The plasmfd, pMON26448, contains the DNA 
sequence [SEQ ID NO: 58] which encodes the polypeptide 
represented by [SEQ ID NO: 65]. One of the clones identi- 
fied, pMON26450, encodes amino acids .1-153 c-mpl ligand. 
with a deletion of amino acids #112-115. The plasmid, 
PMON2 6450, contains the DNA sequence [SEQ ID NO: 40] which 
encodes the polypeptide represented by [SEQ ID NO: 38]. 

Example 4 

E. coli expression plasmid for 1-153 A112-115 c-mpl 
liaand gene product 

The 1-153 c-mpl ligand PCR products (PCR#3) were digest- 
ed with Ncol and Hindlll restriction enzymes (ca. 460 bp) 
for transfer to an £. coli expression vector, pMON3 935, 
digest d with Ncol and Hindlll (ca. 3250 bp). pMON3935 
directs high-level production of heterologous proteins in 
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the cytoplasm. The expression cassette of pMON3935 con- 
sists of the recA promoter and T7 gene 10 ribosome bind- 
ing site (RBS ) described elsewhere (Olins et al., Methods 
Enzym., 185: 115-119 U988J) as well as a tandem inverted 
repeat of a phage P22 gene which functions as a tran- 
scription terminator. The cassette is on a plasmid that 
contains the pBR327 origin of replication and a gene that 
encodes for spectinomycin resistance. The Ncol restric- 
tion enzyme site follows the gene 10 RBS, and the Hindlll 
restriction enzyme site is located between the Ncol site 
and the P22 terminator. Several different clones ^ere 
screened for expression of a unique 17 Kd protein* via 
SDS-PAGE as described earlier. pMON26453, encoding amino 
acids 1-153 c-mpl ligand with a deletion of amino acids 
#112-115, is a result of this cloning event. The plasmid, 
PMON26453, contains the DNA sequence [SEQ ID NO:49] which 
encodes the polypeptide represented by [SEQ ID NO: 38] . 



Fxample 5 

Baculovimfi expression plasmid for 1-1 53 C-mPl li ttfl 
nd/mouse Fc 

The 1-153 c-mpl ligand PCR product (PCR#4) was digested 
with Ncol and EcoRl restriction enzymes (ca. 460 bp) for 
transfer to a Baculovirus expression vector. The expres- 
sion vector, pMON26440, was digested with Ncol and EcoRl 
(ca. 10 Kb). pMON26440 is a derivative of pVLl393 
(Invitrogen) containing a DNA sequence encoding a modi- 
fied human IL-3 secretion signal peptide sequence (Exam- 
ple 3, above) and a DNA gene fragment encoding a modified 
mouse Fc (lgG2a) constant region and hinge region (Gross 
A.H., J.Clin. Invest. 95:2783-2789, [1995]). The DNA 
sequence, encoding the hlL-3 secretion signal peptide was 
subcloned into the BamHl site of the vector leaving the 
Ncol site at the 3' end of the signal sequence for clon- 
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ing. The mouse Fc gene fragment (EcoRI-Bglll) was 
subcloned into the Bglll site of the vector such that the 
EcoRI site was available for cloning at the 5' end of the 
Fc, This facilitates cloning genes as Ncol-EcoRI frag- 
s ments into the vector. A termination codon is introduced 
in- frame between the gene of interest and the EcoRI site. 
The EcoRI site (GAATTC) is added directly 3' to the gene 
of interest such that it encodes glutamate (GAA) and 
phenylalanine (TTC) codons. Following the EcoRI site is 
a DNA sequence encoding a Factor Xa proteolytic 'cleavage 

site, a small polypeptide linker region whicti is followed 

* 

by the mouse Fc gene fragment. Plasmid DNA was prepared 
from individual clones and the c-mpl ligand insert por- 
tion were sequenced. pMON26454-4, encoding a chimera 
protein consisting of 1-153 A#112-115 c-mpl ligand joined 
to a mouse Fc, is a result of this cloning event. The 
plasmid, pMON26454 -4 , contains the DNA sequence [SEQ ID 
NO: 50] which encodes the polypeptide represented by [SEQ 
ID NO:41]. pMON26454-8, -encoding a chimera protein con- 
sisting of amino acids 1-153 c-mpl ligand joined to a 
mouse Fc, is also a result of this cloning event. The 
plasmid, pMON26454-8, contains the DNA sequence [SEQ ID 
NO: 61] which encodes the polypeptide represented by [SEQ 
ID NO:68] . 

Exanro 1 e 6 

BHK expression plasmid for 1-153 c-mpl lioand A112- 
115 /mouse Fc 

In order to create a BHK plasmid for expression of 1-153 
c-mpl ligand A112-115/mouse Fc, the NcoI-PstI fragment 
(ca. 310 bp) of pMON26448 was combined with the Pstl- 
EcoRI fragment (ca. 150 bp) of pMON26454-4 for ligation 
to the Ncol-EcoRI vector fragment of pMON3993 (ca. 4550 
bp.). pMON3993 is a derivative of pMON3934 (above) and 
contains a modified mouse Fc gene fragment. An EcoRI- 
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Bglll mouse Fc gene fragment was transferred into the 
vector 3' to the Ncol site, leaving an EcoRI site between 
the Ncol site and the mouse Fc gene. An EcoRI site else- 
where in the vector had previously been destroyed. This 
facilitates cloning genes as NcoI-EcoRI fragments into 
the vector and fuses the gene of interest in-frame to the 
mouse Fc. A termination codon was introduced in- frame 
between the gene of interest and the EcoRI site. The 
EcoRI site (GAATTC) is added directly 3' to the gene of 
interest such that it encodes glutamate <GAA) and phenyl- 
alanine (TTC) codons. pMON26465, encoding amino aqoxls .It 
153 A112-115 c-mpl ligand joined to a mouse Fc, is a 
result of this cloning. 

The plasmid, pMON26465, contains the DNA sequence [SEQ ID 
NO:51] which encodes the polypeptide represented by [SEQ 
ID NO:42] . 

. Example 7 

BHK expression plasmid for 1-153 c-mbl ' lioand ■ A112-115 
A second BHK expression plasmid encoding amino acids 1- 
153 A112-115 c^mpl ligand was constructed in which the 
DNA sequence at the 5' ' end. of- the 1-153 A112-115 c-mpl 
ligand gene was changed, without altering the resulting 
amino acid sequence, to optimize protein expression which 
might result in increased secretion of the protein. This 
plasmid, pMON30214, was constructed by ligating the Ncol- 
BamHl fragment of pMON26465 (ca. 370 bp) , the BamHl- 
Hindlll fragment of pMON26448 (ca. 90 bp) and the Ncol- 
Hindlll fragment of pMON3934 (ca. 3800 bp). Plasmid DNA 
was prepared from individual clones and the c-mpl ligand 
insert portion were sequenced. The plasmid, pMON30214, 
contains the DNA sequence [SEQ ID NO: 48] which encodes 
the polypeptide represented by [SEQ ID NO: 38] . 



Example 8 
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g. coli expression plasmid for 1-153 c-mnl licran 

d/glYser/IL-3 variant 13286 

PMON26461, encoding the chimera protein, 1-153 c-mpl 
5 ligand/glyser/IL-3 variant 13288 (WO 94/12638), was 

constructed by ligating the Ncol-EcoRl fragment of 
pMON26454-8 (ca. 460 bp.) and a synthetic linker (EcoSnal 
[SEQ ID NO:30], EcoSna2 [SEQ ID NO: 31] ) to the SnaBI-Ncol 
vector fragment (ca. 3500 bp.) of pMON13057 [WO 9 
10 5/21254] . The plasmid, pMON26461, contains the- DMA se- 

quence [SEQ ID NO: 72] which encodes the polypeptide 

-> 

represented by ISEQ ID NO:73]. 

15 . Examnle 9 

BHK expression vector for 1-153 c-mnl liaand/FXa/al 

yser/IL-3 yariant 13288 

PMON26474, encoding the chimera protein, 1-153 c-mpl 
20 ligand/FXa/glyser/IL-3 variant 13288, was constructed by 

ligating the Ncol-Hindlll fragment of pMON26472 (ca, 860 
bp. ) to the Ncol-Hindlll fragment of pMON3934 (ca. 3800) . 
pMON26472, an E. [coli .expression plasmid for amino-acids 
1-153 c-mpl ligand/FXa/glyser/IL-3 variant 13288 , was 
25 constructed by combining, the NcoI-SnaBI fragment of 

' jpMON26461 (ca. 460 bp.) and the SnaBI-Hindlll fragment of 
PMON3988 (ca. 400 bp.) (WO 95/21254) for ligation to the 
Ncol-Hindlll vector fragment of pMON3935 (ca. 3250 bp.). 
The plasmid, pMON26474, contains the DNA sequence [SEQ ID 
30 NO: 64] which encodes the polypeptide represented by [SEQ 

ID NO: 71] . 



Example 10 

35 

BHK expression Plasmid for 1-153 — A112-115 c-mpl li 
aanrt/FXa/glvser/TL-3 variant 13288 
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pMON26469, encoding the chimera protein, 1-153 A#112-115 
c-mpl ligand joined to IL-3 variant 13288, was construct- 
ed. The NcoI-BamHI fragment from pMON26454-4 (ca. 370 
bp) was combined with the BamHI-Hindlll fragment of 
PMON26474 (ca. 490 bp) and the Ncol-Hindlll vector frag- 
ment of pMON3934 (ca. 3800 bp). The plasmid, pMON26469, 
contains the DNA sequence ISEQ ID NO: 52] which encodes 
the polypeptide represented by [SEQ ID NO: 43]. 

Example 11 : 

BHK expression plasmid for 1-153 A112-115 C-ItlDl lie 
and/TL-3 variant 13288 Chimera 

pMON30243, encoding the chimera protein, 1-153 A112-115 
c-mpl ligand joined to IL-3 variant 13288, was construct- 
ed by combining the NcoI-SnaBI fragment of pMON26469 (ca. 
460 bp) with the SnaBl-Hindlll fragment (ca. 400 bp) of 
PMON26427 (WO 95/21254) and ligating to the Ncol-Hindlll 
fragment (ca. 3800 bp) of pMON3934. The plasmid, 
PMON30243, contains the DNA sequence [SEQ ID NO: 53] which 
encodes the polypeptide represented by [SEQ ID NO: 44] . 

Example 12 

E. coli expression plasmid for IL-3 variant 13288 
/FXa/CTlvser/1-153 c-mol liaand 

PMON26460, an E. coli expression plasmid for production 
of the chimera protein, IL-3 variant 13288 /FXa/gly 
ser/amino acids 1-153 c-rapl ligand, was constructed by 
ligating the Ncql-Hindlll fragment of pMON26448 (ca. 460 
bp,) to the Afllll-Hindlll vector fragment (ca. 3500 bp) 
of pMON13018 (WO 95/21254). The plasmid, pMON26460, 
contains the DNA sequence [SEQ ID NO: 62] which encodes 
the polypeptide represented by [SEQ ID NO: 69]. 
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Example 13 

E. coli expression plasmid for IL-3 variant 13288 
/alvser/1-153 c-mol liaand 

PMON26471, an E. coli expression plasmid for the produc- 
tion of the chimera protein, IL-3 variant 13288 
/glyser/1-153 c-mpl ligand, was constructed by ligating 
the Ncol-Smal fragment of pM0N26426 (ca. 370 bp.) to the 
Smal-Hindlll fragment of pMON26460 (ca. 490 bp) into the, 
Ncol-Hindlll vector fragment of pMON3935 (3250: bp.) . 
PMON26426 was constructed by transferring the^lf col - 
Hindlll fragment (ca. 950 bp.) of pMON13056 (WO 95/21254) 
to the Ncol-Hindlll vector fragment (ca. 3800 bp.) of 
PMON3934 (ca. 3800 bp.). The plasmid, pMON26471, contains 
the DNA sequence ISEQ ID. NO: 63] which encodes the poly- 
peptide represented by [SEQ ID NO : 70] . 

Example 14 

bhk exp r essinn plasmid for tl-3 variant 13288 /alvser/1- 
153 A112-115 c-mpl liaand 

PMON30272, .expressing. IL-3 variant 13288 . joined via a _ 
glycine-serine linker to amino acids 1-153 A112-115 c-mpl 
ligand, was constructed by combining the NcoI-PstI frag- 
ment of pMON26473 (ca. 700 bp) with the Pstl-Hindlll 
fragment of pMON30214 (ca. 160 bp) and ligating to the 
Ncol-Hindlll fragment of pMON3934 (ca. 3800 bp) . 
pMON26473 was constructed by ligating the Ncol-Hindlll 
fragment of pMON26471 (ca. 880 bp.) to the Ncol-Hindlll 
vector fragment of pMON3934 (ca. 3800 bp.). The plasmid, 
PMON30272, contains the DNA sequence [SEQ ID NO : 5 4 ] which 
encodes the polypeptide represented by [SEQ ID NO: 45] . 

Rvamnle 15 
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BHK exnrflfiflinn plasmid for 1-153 A112-115/hiS6 C-mPl 

liaand 

PMON30253, expressing 1-153 A112-115/his 6 c-rapl ligand,. 

was constructed by digesting pMON26465 with EcoRl and 
ligation of a synthetic linker that adds a C-terminal 
poly-histidine tag. The linker was constructed by an- 
nealing the HisCl [SEQ ID NO: 32] and HisC2 [SEQ ID NO: 33] 
primers which creates a GluPheHisHisHisHisHisHis [SEQ ID 
NO: 57] tail immediately following the c-mpl ligand mole- 
cule. A termination codon following the last His codon 
prevents translation beyond that point. The DNA wak ? 
sequenced to confirm orientation of the linker which 
keeps a unique EcoRI site immediately 3' to the c-mpl 
ligand gene and 5 ; to the poly-histidine tail. The plas- 
mid, pMON30253, contains the DNA sequence [SEQ ID NO: 55} 
which encodes the polypeptide represented by [SEQ ID 
N0:46]. 

Example 16 

BHK expression plasmid for hiS6/l-153 A112-115 c-mpl 

liaarid 

* 

PMON30274, expressing his 6 /l-153 A112-115 c-mpl ligand, 

was constructed by digesting pMON30214 with Ncoi and 
ligation of a synthetic linker that adds an N- terminal 
poly-histidine tag. The linker was constructed by an- 
nealing the HisNl [SEQ ID NO: 34] and HisN2 [SEQ ID NO: 35] 
primers which creates a HisHisHisHisHisHisAlaMetAla [SEQ 
ID NO: 36] tag immediately proceeding the c-mpl ligand 
molecule. The DNA was sequenced to confirm the orienta- 
tion of the linker which keeps a unique Ncoi site 3' to 
the tag and 5' to the c-mpl ligand gene. The plasmid, 
PMON30274, contains the DNA sequence [SEQ ID NO: 56] which 
encodes the polypeptide represented by [SEQ ID NO: 47] . 
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le 17 



tblincr genes from previous exami 

A variety of different of c-mpl ligand genes can be 
assembled from Examples 1 through 6 by combining various 
gene fragments via restriction enzyme digestion and 
ligation (see Sambrook et al., Molecular cloning: A 
Laboratory Manual, 2nd ed., Cold Spring Harbor . Laboratory 
Press, Cold Spring Harbor, NY, [1989]) . The genes from 
the examples can be digested with restriction Enzymes on 
either end of the gene as well as internally to release 
desired gene fragments. Then, the different pieces can be 
ligated together and to an expression vector through 
complementary ends using DNA ligase. The ligated DNA can 
be trans formed into E. coll and colonies are screened for 
the desired gene product through DNA sequencing of plas- 
mid DNA., After identification of positive clones, the 
plasmid DNA can be trans feet ed into an appropriate mamma- 
lian cell or E.. coli strain for production. 

Example 18 

Site-directed mutagenesis 

A variety of amine? acid substitutions can be made at 
each position using either synthetic gene assembly or 
site-directed mutagenesis (see Taylor et al., Nucl. Acids 
Res,, 13: 7864-8785 [1985]; Kunkel et al., Proc. Natl. 
Acad. Sci. USA, 82: 488-492 [1985 ]; Sambrook et al.. 
Molecular Cloning: A Laboratory Manual, 2nd ed.. Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 
[1989], (WO 94/12639) and (WO 94/12638)). These substi- 
tutions can be made one at a time or in combination with 
other amino acid substitutions. After sequence verifica- 
tion of the changes, the plasmid DNA can be transfected 
into an appropriate mammalian cell or E. coli strain for 
production. 
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Example 19 

sds Foldi n g Protocol For c-mpl chimera Proteins 

A. Recovery of c-mpl chimera protein from inclusion 
bodies . 

E. coli cells from a 300ml culture expressing the chimera 
protein are resuspended in 150 mis of 20 mM Tris-HCl, SirtM 
EDTA, pH 8.0. The cell resuspension is sonicated by . 
standard means for -3 minutes on ice, and then ceqftti- 
fuged at 5,000 xg for 30 minutes. The recovered inclusion 
body (IB) pellet is washed 2X by resuspending in 150 mis 
of 20 mM Tris-HCl, 1 mM EDTA, pH 8.0, sonicating as. 
above, and centrifuging at 5000 xg for 30 minutes. The 
washed IB pellet can be used immediately or stored at - 
70°C. A Manton-Gaulin homogenizer can also be used to 
disrupt larger quantities of cells when processing IB 
material in a similar manner at a larger scale. 

B. Solubilization and refold of monomeric c-mpl ligarid 
Chimera Protein. 

The washed IB pellet is resuspended in 100 rnM Tris-HCl, 
pH 9.0 (pH 8.0-9.75 suitable) containing 0.1% (w/v) sodium 
dodecyl sulfate (SDS) at a ratio of 50 mis per -1 gm of 
cell pellet using a hand tissue homogenizer. Dilute 
suspension to 200 mis in same buffer and stir at 4°C 
until completely mixed (5-15 minutes) . Dithiothreitol 
(DTT) is added to a final cone, of 20 mM and L-cysteine 
(Sigma #4820) to a final cone, of 1 mM (DTT added from a 
fresh 50x stock, and cysteine added from a fresh lOOx 
stock; stocks prepared in 100 mM Tris-HCl pH 9.00). The 
refold solution is air oxidized at 4°C (4°C to 25°C 
suitable) with moderate stirring in a loosely covered 
container (18-72 hrs) . Refold is monitored by rHPLC 
analysis to determine completion. 
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Exainnle 20 

Determination of bioactivitv of c-mpl liaands and chimera 
molecules 

riMON26448 {1-332 c-mpl ligand) and hIL-3 variant, 
PMON13288 (WO 94/i2638), are used as activity reference 
standards in the following assays. 

1. TF1 proliferation assay 

■> 

c-mpl ligand proliferative activity is assayed using a 
subclone of the pluripotential human cell line TFl 
(Kitamura et al., J. Cell Physiol 140:323-334. [1989]). 
TFl cells are maintained in h-IL3 (100 U/mL) . To estab- 
lish a sub-clone responsive to c-mpl ligand, cells are 
maintained in passage media containing 10% supernatant 
from BHK cells transfected with the gene expressing the 
1-153 form of c-mpl ligand (pMON26448) . Most of the 
cells die, but a subset of cells survive. After dilution 
cloning, a c-mpl ligand responsive clone is selected, and 
these cells are split into passage media to a density of 
0.3.x 106 cells/mL the day prior to assay set-up. Pas- 
sage media for these cells is the following: RPMI 1640 
(Gibco) , 10% FBS (Harlan, Lot #91206), 10% c-mpl ligand 
supernatant from transfected BHK cells, 1 mM sodium 
pyruvate (Gibco) , 2 mM glutamine (Gibco) , and 100 ug/mL 
penicillin-streptomycin (Gibco) . The next day, cells are 
harvested and washed twice in RPMI or IMDM media with a 
final wash in the ATL, or assay media. ATL media con- 
sists of the following: IMDM (Gibco), 500 ug/mL of bovine 
serum albumin, 100 ug/mL of human transferrin, 50 ug/mL 
soybean lipids, 4 x lO-SM beta-mercaptoethanol and 2 mL of 
A9909 (Sigma, antibiotic solution) per 1000 mL of ATL. 
Cells are diluted in assay media to a final density of 
0,25 x 106 cells/mL in a 96-well low evaporation plate 
(Costar) to a final volume of 50 ul. Transient 
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supernatant s (conditioned media) from trans feet ed clones 
are added at a volume of 50 ul as duplicate samples at a 
final concentration of 50% and diluted three-fold to a 
final dilution of 1.8%. Triplicate samples of a dose 
5 curve of IL-3 variant pMON13288 starting at 1 ng/raL and 

diluted using three-fold dilutions to 0.0014ng/mL is 
included as a positive control. Plates are incubated at 
5% C0 2 and 37° C. At day six of culture, the plate is 

pulsed with 0.5 Ci of 3H/well (NEN) in a volume of 20 
io ul/well and allowed to incubate at 5% CO2 and 37° C- for 

V 

^ -* 

four hours. The plate is harvested and counted on a 
Betaplate counter. 



Table 1 
TFl Proliferation Assay 



1 

trans feet ion 
pMON # 


c-mpl Ligand 


TOTAL COUNTS 
tritiated 
thymidine 

incorpora t ion 
10% 

supernatant s 


Standard 
Deviation 


mock 




21910 


5.6.1. _ 


PMON26448 


1-153 


114888 


5269 


PMON26450 


1-153 A112-115 


60827 


1741 


PMON26451-1 


1-332 Glui22 


133722 


10040 


PMON26451-3 


1-332 A112-115 


35600 


3627 


PMON26451-4 


1-332 Leu<6,Arg200 


121684 


2611 



15 

Table 1. The c-mpl ligands listed above were tested in 
the TFl proliferation assay. All of the c-mpl ligands 
tested were active in this assay. 
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Other in vitro cell based assays may also be 
useful to determine the activity of the c-mpl ligands or 
chimera molecules depending on the colony stimulating 
factors that comprise the chimera. The following are 
examples of other useful assays. In addition blocking 
monoclonal antibodies, raised against one of the compo- 
nents of a chimera/ can be used in a cell proliferation 
assay to determine that each component of a chimera is 
active. 

32D proliferation assay: 32D is a murine IL-3 Jifependent 
cell line which does not respond to human IL-3 but does 
respond to human G-CSF which is not species restricted. 

Baf/3 proliferation assay: Baf/3 is a murine IL-3 depen- 
dent cell line which does not respond to human IL-3 or 
human c-mpl ligand but does respond to human G-CSF which 
is not species restricted. . 

T1165 proliferation assay:. T1165 cells are a IL-6 depen- 
dent murine cell line (Nordan et al . , 1986) which respond 
to IL-6 and IL-11.. 

AML193 proliferation assay: This cell line, established 
from a patient with acute myelogenous leukemia, is a 
growth factor dependent cell line which displayed en- 
hanced growth in GM-CSF supplemented medium (Lange, B., 
et al. , . (1987) ; Valtieri, M. , et al . , (1987). The , AML 
cell line also responds to human IL-3 and G-CSF. 

Transfected cell lines:* Cell lines such as Baf/3 cell 
line can be transfected with a colony stimulating factor 
receptor, such as the human IL-3 receptor or human c-mpl 
receptor, which the cell line does not have. These 
transfected cell lines can be used to determine the 
activity of the ligand for which the receptor has been 
transfected into the cell line. 
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One such transfected Baf/3 cell line was made by 
cloning the cDNA encoding c-mpl from a library made from 
a c-mpl responsive cell line and cloned into the multiple 
cloning site of the .plasmid pcDNA3 (Invitrogen, San Diego 
Ca.) . Baf/3 cells were transfected with the plasmid via 
electroporation. The cells were grown under G418 selec- 
tion in the presence of mouse IL-3 in Wehi conditioned 
media. Clones were established through limited dilution. 

Table 2 -J' ■ 

AML and TF1 Proliferation Assay 

-> 

of c-mpl ligand/Fc chimera 



1 factor 


Baf/3-cmpl-R Cells 
tested at l|Xg/ml 


TF1.2.B4 Cells 1 
tested at 2(ig/ml 1 


pMON26465 


10470 +/- 700 


4400 +/- 110 


pMON26458 


25000 +/_- 580 


20300 +/- 1200 


CTLA-4 mFc 
1 control - — 


1020 +/- 120 


580 +/- 260 



Table 2. pMON26465 and PMON26458 were assayed for prolif- 
erative activity in both Baf/3 cells transfected with the 
human c-mpl-R (Baf/3 -cmpl-R) and in the TF1.2.B4 cell 
line. Cells were pulsed with l|ici/well of tritiated 
thymidine for overnight (Baf/3 -cmpl-R cells) or for 4 
hours (TF1.2.B4 cells) and total counts cpm (3H) deter- 
mined on a beta plate counter. 



2- Bone marrow nroliferation assay 
a. CD34+ Cell Purification: 
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Betw en 15-20 mL bone marrow aspirates are obtained from 
normal allogeneic marrow donors after informed consent. 
Cells are diluted 1:3 in phosphate buffered saline (PBS, 
Gibco-BRL) , 30 mL are layered over 15 mL Histopaque-1077 

(Sigma) and centrifuged for 30 minutes at 300 RCF. The 
mononuclear interface layer is collected and washed in 
PBS. CD34+ cells are enriched from the mononuclear cell 
preparation using an affinity column per manufacturers 
instructions (CellPro, Inc, Bothell WA) . After enrich- 
ment, the purity of CD34+ cells is 70% oh average as 

• \" 

determined by using flow cytometric analysis u££ng anti- 

: >'~ 

CD34 monoclonal antibody conjugated to fluorescein and 
anti-CD38 conjugated to phycoerythrin (Becton Dickinson, 
San Jose CA) . 

Cells are resuspended at 40,000 cells/mL in X-Vivo 10 
media (Bio-Whittaker , Walkersville, MD) and 1 mL is 
plated in 12-well tissue culture plates (Costar) . Human 
IL-3 variant, pMONl3288, is used at 10 ng/mL or 100 
ng/mL. Conditioned media from BHK cells transfected with 
plasmid encoding c-mpl ligand are tested by addition of 
100 |xl of supernatant added to 1 mL cultures (approxi- 
mately a 10% dilution) . Cells are incubated at 37°C for 
8-14 days at 51 CO2 in a 3 7°C .humidified incubator .. . 

b. Cell Harvest and Analysis: 
At the end of the culture period a total cell count is 
. obtained for each condition. For fluorescence analysis^ 
and ploidy determination cells, are washed in megakaryo- 
cyte buffer (MK buffer, 13.6 mM Sodium Citrate, 1 mM 
Theophylline, 2.2 \xm PGE1, 11 mM Glucose, 3% w/v BSA, in 
PBS, pH 7.4,) (Tomer et al.. Blood 70(6): 1735-42 [1987]) 
resuspended in 500 fil of MK buffer containing anti-CD41a 
FITC antibody (1:200, AMAC, Westbrook, ME) and washed in 
MK buffer. For DNA analysis cells are made permeable in 
MK buffer containing 0.5% Tween 20 (Fisher, Fair Lawn NJ) 
for 20 minutes on ice followed by fixation in 0.5% Tween- 
20 and 1% paraformaldehyde (Fisher Chemical) for 30 
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minutes followed by incubation in Propidium Iodide 
(Calbiqchem , La Jolla Ca) (50 |ig/raL) with RNAase (400 
U/mL) in 55% v/v MK buffer (200 mOsm) for 1-2 hours on 
ice. Cells are analyzed on a FACScan or Vantage flow 
cytometer (Becton Dickinson, San Jose, CA) . Green fluo- 
rescence (CD41a-FITC) is collected along with linear and 
log signals for red fluorescence (PI) to determine DNA 
ploidy. All cells are collected to determine the percent 
of cells that are CD41+, Data analysis is performed using 
LYSIS software (Becton Dickinson, San Jose, CA) . Rercent 
of cells expressing the CD41 antigen is obtained f^rpm 
flow cytometry analysis (Percent) . Absolute (Absjf number 
of CD41+ cells/mL is calculated by: (Abs) = (Cell Cou 
nt) * (Percent) / 100. 
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Table 3 

Bone Marrow Proliferation Assay 



Proliferation of CD34+ enriched cells in the presence of c-mpl ligand variants 


Tfcansfection Construct 


c-mpl ligand 


Cells/Well after 10 Day Culture 
(4000 cells plated) 


Mock Control 




<500 


pMON26448 


1-153 


22J00 


pMON26450 


1-153 A112-115 


<500 


pMON26451-3 


1-332 Glu»22 


<500 


pMON264Sl-4 


1-332 leu* 6 , Arg*» 


16,000 



Table 3. The c-mpl ligands listed above were tested in 
the megakaryocyte liquid culture assay. pMON26448 and 
pMON26451-4 were active in this assay. 
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10 



15 



20 



Table 4 

Megakaryocyte liquid culture assay 



Absolute number of CD4 1 + cdls after 10 days in culture in the presence or absence of IL-3 

pMON 13288 



Construct 



Mock Control 



pMON26448 



OMON26450 



pMON26451-3 



pMON26451-4 



c-mplbgand 



M53 



M53 Al 12-115 



1-332 Glu** 2 



1-332 leu** Arg200 



No pMON 13288 



<500 



19,( 



<500 



<500 



12*500 



pMON13288 (10 
ng/mL) 



in 



4S.i 



I I I 



8300 



9J 



i:i i 



16,< 



Table 4. The c-mpl ligands listed above were tested in 
the megakaryocyte liquid culture assay as described 
above. pMON26450 and pMON26451-3 were not active by 
themselves but were active when co-administered with the 
human IL3 receptor agonist, pMON13288, over and above 
PMON13288 by itself. 

3. Megakaryocyt e fibrin clot, assay. 

CD34+ enriched population are isolated as described 
above. Cells are suspended at 25,000 cells/mL with/with- 
out cytokine (s) in a media consisting of a base Iscoves 
IMDM media supplemented with 0.3% BSA, 0.4 mg/mL apo- 
transferrin, 6.67J1M FeCl2, 25^g/mL CaCl2* 25 jig/mL L- 
asparagine, 500 ng/mL E-amino-n-caproic acid and Penicil- 
lin/Streptomycin. Prior to plating into 3 5 mm plates, 
thrombin is added (0.25 units/mL) to initiate clot forma- 
tion. Cells are incubated at 37°c for 13 days at 5% C0 2 
in a 3 7°C humidified incubator. At the end of the cul- 
ture period plates are fixed with methanol : acetone (1:3), 
air dried and stored at -200C until staining. A peroxi- 
dase immunocytochemistry staining procedure is used 
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4 

(Zymed, Histostain-SP. San Francisco, CA) using a cock- 
tail of primary monoclonal antibodies consisting of anti 
CD41a, CD42 and GD61. Colonies cure counted after stain- 
ing and classified as negative, CFU-MK (small colonies, 
1-2 foci and less that approx. 25 cells), BFU-MK (large, 
multi-foci colonies with > 25 cells) or mixed colonies 

(mixture of both positive and negative cells) . 
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WHAT IS CLAIMED IS; 

1. A c-mpl ligand of the following formula: 

SerProAlaProProAlaCysAspLeuArgValLeuSerLysLeuLeioArgAspSer 
1 5 * 10 15 

HisValLeuHisSerArgLeuSerGlnCysProGluValHisProLeuProXaaPro 
20 25 30 35 

f m * % 

ValLexiLeuProAlaValAspXaaXaaLeuGlyGluTrpLysTOirGlnMetGluGlu 
40 45 46 50 55 

ThrLy s AlaGl nAsp 1 1 eLeuGlyAl aVa 1 ThrLeuLeuLeuGluGlyValMe t Al a 
60 65 70 75 

AlcLArgGlyGlnLeuGlyProThrCysLeuSerSerLeuLeuGlyGlnLeuSerGly 

80 85 90 95 

GlnValArgLeuLeuLeuGlyAlaLeuGlnSerLeuLeuGlyThrGlnXaaXaaXaa 

100 105 110 

XaaGlyTVrgThrTlirAlaHisXaaAspProAsriAlallePheLeuSerPheGlnHis 
115 120 122 125 130 

LeuLeuArgGlyLysValArgPheLeuMetLeuValGlyGlySerThrLeuCysVal 
135 140 145 150 

^gArgAlaProProThrThrAlaValProSerArgThrSerLeuValLeuThrLeu 
155 160 165 170 

AsnGluLeuProAsnArgThrSerGlyLeuLeuGluThrAsnPheThrAlaSerAla 

175 180 185 190 



ArgThrThrGlySerGlyLeuLeuLysXaaGlnGlnGlyPheArgAlaLysIlePro 

195 200 205 
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GlyLeuLeuAsnGlnThrSerArgSerLeiiAspGlnlleProGlyTyrLeuAsnArg 
210 215 220 225 

IleHisGluLeuLeuAsnGlyTtoArgGlyLe^ 

230 235 240 245 

LeuGlyAlaProAspXleSerSerGlyThrSerAspThrGlySerLeuProProAsn 
250 255 260 : 265 

LeuGlnProGlyTyrSerProSerProl^rHisPrpProThrGlyGlnTyrThrlieu 

270 275 280 285 

PheProLeuProProThrLeuProThrProValValGlrxLeuHisProLeuLeuPro 

290 295 300 

AspProSerAlaProThrProThrE^oThrSerProLeuI^uAsnThrSerTyrThr 
305 310 315 320 

HisSerGlnAsnLeuSerGlnGluGly 
325 330 332 

wherein; 

Xaa at position 37 is Thr, Asp or Glu; 

Xaa at position 46 is Phe, Ala, Val, Leu, lie, Pro, Trp, 
or Met ; 

Xaa at position 47 is Ser, Asp or Glu; 

Xaa at position 112 is deleted or Leu, Ala, Val, lie, 

Pro, Phe, Trp, or Met; 

Xaa at position 113 is deleted or Pro, Phe, Ala, Val, 
Leu, lie, Trp, or Met; 

Xaa at position 114 is deleted or Pro, Phe, Ala, Val, 
Leu, lie, Trp, or Met; 

Xaa at position 115 is deleted or Gin, Gly, Ser, Thr, 
Tyr, or Asn; 
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Xaa at position 122 is Lys, Arg, His, Glu, or Asp; 

Xaa at position 200 is Trp, Ala, Val, Leu, lie, Pro, Phe, 

Met, Arg, Lys, or His; 

wherein from 1 to 179 amino acids can be deleted from the 
C-terminus and with the proviso that at least one of the 
amino acids designated by Xaa are different from the 
corresponding amino acids of native c-npl ligand (1-332) 
and said protein is optionally preceded by Met-*, Ala-i or 
Met-2 Ala-i . «^ 



2. The c-mpl ligand of Claim 1 wherein; 
Xaa at position 37 is Thr, Asp. or Glu;. 

Xaa at position 46 is Phe, Ala, Val, Leu, lie, Pro, Trp, 
or Met; 

Xaa at position 47 is Ser, Asp or Glu; 
Xaa at position 112 is deleted; 
Xaa at position 113 is deleted; 
Xaa at position 114 is deleted; 
Xaa at position 115 is deleted; 

Xaa at position 122 is Lys, Arg, His, Glu, or Asp; 

Xaa at position 200 is Trp, Ala, Val, Leu, lie, Pro, Phe, 

Met, Arg, Lys, or His; 

wherein amino acids 112-115 are deleted and from 1 to 179 
amino acids can be deleted from the C-terminus and 
optionally that one or more of the amino acids designated 
by Xaa are different from the corresponding amino acids 
of native c-mpl ligand (1-332) and which is optionally 
preceded by Met-*, Ala- 1 or Met-2 Ala-i . 



3. The c-mpl ligand of Claim 1 wherein; 



Xaa at position 37 is Thr, Asp or Glu; 
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Xaa at position 46 is Ala, Val, Leu or lie; 
Xaa at position 47 is Ser, Asp or Glu; 

Xaa at position 112 is deleted or Ala, Val, lie or Phe; 
Xaa at position 113 is deleted or Phe, Ala, Val, Leu, 
lie, Trp, or Met; 

Xaa at position 114 is deleted or Phe, Ala, Val, Leu, 
lie, Trp, or Met; 

Xaa at position 115 is deleted or Asn; 

Xaa at position 122 is Arg, His, Glu, or Asp; • 

Xaa at position 200 is Ala, Val, Leu, lie, Phefpr Met. 

4. The c-mpl ligand of Claim 1 wherein; 

Xaa at position 37 is Thr, Asp or Glu; 

Xaa at position 46 is Ala, Val, Leu or lie; 

Xaa at position 47 is Ser, Asp or Glu; 

Xaa at position 112 is Ala, Val, lie or Phe; 

Xaa at position 113 is Phe, Ala, Val, Leu, lie, Trp, or 

Met ; • 

Xaa at position 114 is Phe, Ala, Val, Leu, lie, Trp, or 

Met; ■ - 

Xaa at position 115 is Asn; __ . 

Xaa at position 122 is Arg, His, Glu, or Asp; 

Xaa at position 200 is Ala, Val, Leu, lie, Phe or Met , 

F 1 

5. The c-mpl ligand of Claim 1 wherein; 



Xaa at position 37 is Thr, Asp or Glu; 
Xaa at position 46 is Leu or Phe; 
Xaa at position 47 is Ser, Asp or Glu 
Xaa at position 112 is deleted or Leu 
Xaa at position 113 is deleted or Pro 
Xaa at position 114 is deleted or Pro 
Xaa at position 115 is deleted or Gin; 
Xaa at position 122 is Lys or Glu; 
Xaa at position 200 is Trp or Arg. 
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6. The c-mpl ligand of Claim 1 wherein; 
said Xaa at position 46 is Leu; 

Xaa at position 112 is Leu; 

Xaa at position 113 is Pro; 

Xaa at position 114 is Pro; 

Xaa at position 115 is Gin; 

said Xaa at position 122 is Glu; and 

said Xaa at position 200 is Arg* 

7. The c-mpl ligand of Claim 1 having the .': •< 
sequence of native c-mpl (1-332) with one of the 
following mutation (s); 

Glu at 122; or 

Leu at 46 and Arg at 200; or 

Arg at 200, 

8. A c-npl ligand of the following formula: 

SerProAlaProProAlaCysAspLeuArgValLeuSerLysLeuLeuArgAspSer 
15 10 15 

HisValLexaHisSerArgLeuSerGlnCysProGluValHisProLeuProXaaPro 
20 25 30 35 

ValLeuLeuProAlaValAspXaaXaaLeuGlyGluTrpLysThrGlnMetGluGlu 
40 45 46 50 55 

ThrLysAlaGlnAspIleLeuGlyAlaValThrLeuLeuLeuGluGlyValMetAla 
60 65 70 75 

AlaArgGlyGlnLeuGlyProltirCysLeuSerSerLeuLeuGlyGlnLeuSerGly 

80 85 90 95 



GlnValArgLeuLeuLeuGlyAlaLeuGlnSerLeuLeuGlyThrGlnXaaXaaXaa 

100 105 HO 
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XaaGlyArgl^rThrAlaHisXaaAspProAsnAlallePheLeuSerPheGlnHis 
115 120 122 125 130 

LeuLeuT^gGlyLysValArgPheLeuMetLeuValGlyGlySerThrLeuCysVal 
135 140 145 150 



153 



wherein ; 



Xaa at position 37 is Thr, Asp or Glu; 

Xaa at position 46 is Phe, Ala, Val, Leu, lie, Pro, Trp, 
or Met ; 

Xaa at position 47 is Ser, Asp or Glu; 

Xaa at position 112 is deleted or Leu, Ala, Val, lie, 

Pro, Phe, Trp, or Met; 

Xaa at position 113 is deleted or Pro, Phe, Ala, Val, 
Leu, lie, Trp, or Met; 

Xaa at position 114 is deleted or Pro, Phe, Ala, Val, 
Leu, lie, Trp, or Met; 

Xaa at position 115 is deleted or Gin, Gly, Ser, Thr, 
Tyr, or Asn; 

Xaa at position 122 is Lys, Arg, His, Glu, or Asp; 

with the proviso that at least one of the amino acids 
designated by Xaa are different from the corresponding 
amino acids of native c-mpl ligand (1-153) and which is 
optionally preceded by Met-i, Ala-* or Met-2 Ala* 1 . 

9. The c-mpl ligand of Claim 8 wherein; 

Xaa at position 37 is Thr, Asp or Glu; 

Xaa at position 46 is Phe, Ala, Val, Leu, lie, Pro, Trp, 
or Met; 

Xaa at position 47 is Ser, Asp or Glu; 
Xaa at position 112 is deleted; 
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Xaa at position 113 is deleted; 

Xaa at position 114 is deleted; 

Xaa at position 115 is deleted; 

Xaa at position 122 is Lys, Arg, His, Glu, or Asp; 



herein one or more of the amino acids designated by Xaa 
are different from the corresponding amino acids of 
native c-mpl ligand {1-153) and said protein is 
optionally preceded by Met-*, Ala -1 or Met-2 Ala-*. : ; 



10. The c-mpl ligand of Claim 8 wherein; 

Xaa at position 37 is Thr, Asp or Glu; 

Xaa at position 46 is Leu or Phe; 

Xaa at position 47 is Ser, Asp or Glu; 

Xaa at position 112 is deleted or Leu; 

Xaa at position 113 is deleted or Pro; 

Xaa at position 114 is deleted or Pro; 

Xaa at position 115 is deleted or Gin; 

Xaa at position 122 is Lys or Glu; and 



11 . The c-mpl ligand of Claim 8 having the 
sequence of native c-mpl ligand (1-153) with one of the 
following mutation (s) ; 

Glu at 122 ; or 

Leu at 46 and Arg at 200; or 
Arg at 200. 

12. A c-mpl ligand according to claim 1, having 
the protein sequence of [SEQ ID NO: 37] . 

13. A c-mpl ligand according to claim 8, having 
the protein sequence of [SEQ ID NO:38] . 
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14. A c-npl ligand according to claim 1, which 
is a chimera to mouse Fc constant region, haying the 
protein sequence selected from the group consisting of 
[SEQ ID NO: 41] '-and [SEQ ID NO:42] . 

15. A chimera protein having the formula 
selected from the group consisting of R1-L-R2, R2-L-R1, Ri 

L-Ri ; 
wherein; 

Ri is a c-mpl ligand of claim 1; - 

R2 is a colony stimulating factor selected from the 

group consisting of GM-CSF, CSF-1, G-CSF, M-CSF, 
erythropoietin <EPO) , IL-1, IL-2, IL-3, a hIL-3 variant , 
IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-13, 
IL-15, IL-1 6, LIF, flt3/flk2, human growth hormone, B- , 
cell growth factor, B-cell differentiation factor, 
eosinophil dif f erentiatibn factor and stem cell factor 
(SCF); and 

L is a linker capable of linking Ri and R 2 . _ 

16. A chimera protein having the formula 
selected from the group consisting of R1-L-R2, R2-L-R;, Ri 

L-Ri 

wherein; 

Ri is a c-mpl ligand of claim 8; 

R 2 is a colony stimulating factor selected from the 

group consisting of GM-CSF, CSF-1, G-CSF, M-CSF, 
erythropoietin (EPO) , IL-1, IL-2, IL-3, a hIL-3 variant, 
IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, 
IL-13, IL-15, IL-16, LIF, flt3/flk2, human growth 
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hormone, B-cell growth factor, B-cell differentiation 
factor, eosinophil differentiation factor and stem cell 
factor (SCF) ; and 

L is a linker capable of linking Ri and R2 . 

17. The chimera protein according to claim 16, 
having the amino acid sequence selected from the group 
consisting of [SEQ ID NO:431, [SEQ ID NO:44], and [SEQ ID 
NO:45] . 

18. A recombinant DNA sequence comprising vector 
DNA and a DNA that encodes a ligand of claim 8, having 
the DNA sequence selected from the group consisting of 
[SEQ ID NO:40], [SEQ ID NO:48], [SEQ ID NO:49] . 

19. A recombinant DNA sequence comprising vector 
DNA and a DNA that encodes a ligand of claim 12, having 
the DNA sequence of [SEQ ID NO: 39] . 

"It 

20. A recombinant DNA sequence comprising vector 
DNA and a DNA that encodes a ligand of claim 14, having 
the DNA sequence selected from the group consisting, of . 
[SEQ ID NO:50] and [SEQ ID NO: 51] 

21. A recombinant DNA sequence comprising vector 
DNA and a DNA that encodes a ligand of claim 16, having 
the DNA sequence selected from the group consisting of 
[SEQ ID NO:52], [SEQ ID NO: 53 ], [SEQ ID NO: 54] . 

22. A method of producing a variant c-mpl ligand 
comprising the steps of 

(a) culturing a host cell containing a recombinant 
DNA sequence comprising vector DNA and a DNA sequence 
that encodes the c-mpl ligand having the amino acid 
sequence of a polypeptide selected from the group 
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consisting of a polypeptide of claim 1, a polypeptide of 
claim 2, a polypeptide of claim 3, a polypeptide of claim 
4, a polypeptide of claim 5/ a polypeptide of claim 6, a 
polypeptide of claim 7, a polypeptide of claim 8, a 
polypeptide of claim 9, a polypeptide of claim 10, a 
polypeptide of claim 11/ a polypeptide of claim 12, a 
polypeptide of claim 13, a polypeptide of claim 14, a 
polypeptide of claim 15, a polypeptide of claim 16, 
polypeptide of claim 17 and capable under conditions 
permitting expression of the encoded polypeptide ; from the 
recombinant DNA; and ,/ "* 

(b) harvesting the polypeptide from the culture. 

23. A pharmaceutical composition comprising a 
therapeutically effective amount of a c-mpl ligand of 
claim 1, 2, 8, 9, 11, 12, 13, 14, 15, 16 or 17 together 
with a pharmaceutically acceptable carrier. 

24. A pharmaceutical composition comprising ; 

a therapeutically effective amount of a c-mpl ligand 
of claim 1; _ \ .. r . 

a colony stimulating factor selected from the group 
consisting of GM-CSF, CSF-1, G-CSF, M-CSF, erythropoietin 
(EPO), IL-1, IL-2, IL-3, a hIL- 3 variant, IL-4, IL-5, IL- 
6, IL-7/ IL-8, IL-9, IL-10, IL-11, IL-12, IL-13, IL-15, 
IL-16, LIF, flt3/flk2, human growth hormone, B-cell 
growth factor, B-cell differentiation factor, eosinophil 
differentiation factor and stem cell factor (SCF) ; and 

a pharmaceutically acceptable carrier. 

25. A pharmaceutical composition comprising; 

■ * 

a therapeutically effective amount of a c-mpl ligand of 
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* 

claim 8; 

a colony stimulating factor selected from the group 
consisting of GM-CSF, CSF-1, G-CSF, M-CSF, erythropoietin 
(EPO) , IL-1, IL-2, IL-3, a hIL-3 variant, IL-4, IL-5, IL- 
6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-13, LIF, 
flt3/flk2, human growth hormone, B-cell growth factor, B- 
cell differentiation factor, eosinophil differentiation 
factor and stem cell factor (SCF) ; and 

a pharmaceutical^ acceptable carrier. 

26. A method of stimulating the production of 
hematopoietic cells which comprises administering a 
therapeutically effective amount of a c-mpl ligand of 
claim 1, 2, 8, 9, 11, 12, 13, 14, 15, 16 or 17 to a 
patient in need of such treatment. 

27 . A method for selective ex vivo expansion of 
stem cells, comprising the steps of; (a) separating stem 
cells from other cells; (b) culturing said separated stem 
cells with a selected media which comprises; a c-mpl 
ligand of. claim 1,. 2, 8, .9, 11, 12, 13, 14, 15, 16 or 17; 
(c) harvesting said cultured cells. 

28. A method for treatment of a patient having 
a hematopoietic disorder, comprising the steps of; (a) 
removing stem cells; (b) separating stem cells from other 
cells; (c) culturing said separated stem cells with a 
selected media which comprises; a c-mpl ligand of claim 
1, 2, 8, 9, 11, 12, 13, 14, 15, 16 or 17; (d) harvesting 
said cultured cells. 

29. A method of human gene therapy comprising 
the steps of; (a) removing stem cells; (b) separating 
said stem cells from other cells; (c) introducing DNA 
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into said separated stem cells; (d) culturing said 
separated stem cells with a selected media comprising; a 
c-mpl ligaiid of claim 1, 2, 8, 9, 11, 12, 13, 14, 16, or 
17; (e) harvesting said cultured cells; and (f) 
5 transplanting said harvested cells into a patient in need 

of such treatment. 

30, A method of stimulating the production of 

hematopoietic cells of a blood donor comprising the step 
10 of; (a) administering a therapeutically effective amount 

of a c-mpl ligand of claim 1, 2, 8, 9, 11, 12/13, 14, 
15, 16 or 17; and (b) collection of hematopoietic cells 
from said blood donor. 
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